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Abstract
We investigate if the observed small and nearly scale-invariant primordial cosmic perturbation, i.e.
the perturbation amplitude Pζ ∼ 10−9 and the spectral index ns ' 0.965, is typical in the landscape
of vacua after imposing anthropic selections on them. We consider the situation where the universe
begins from a metastable vacuum driving a precedent inflation, a curvature-dominated open universe
is created by tunneling, and the curvature energy is inflated away by new inflation. We argue that the
initial inflaton field value is homogeneous but typically non-zero because of the quantum fluctuation of
long wavelength modes created during the precedent inflation, and only the universe which accidentally
has a small inflaton field value is anthropically selected. We show that this bias, together with certain
distributions of inflation model parameters that are physically well-motivated, makes the observed
small and nearly scale-invariant spectrum typical.
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1 Introduction
Inflationary paradigm not only solves the horizon and flatness problem [1] (see also [2]), but also
elegantly explains the nearly scale-invariant and Gaussian cosmic perturbation imprinted in the cosmic
microwave background (CMB) and the large scale structure of the universe [3–7], given that inflation
is driven by a scalar field with a very flat potential [8, 9] (see also [10]). However, despite the
phenomenological success of the generic paradigm, the underlying physical origin of cosmic inflation
is still an open problem.
We investigate the inflation paradigm in the view point of the string landscape (see [11] for a
review). The string theory predicts that there are numerous vacua, and each vacuum yields an effective
field theory with a different set of fields and parameters. An example leading to various cosmological
constants is given in [12]. The landscape of vacua supports the notion of the anthropic principle.
The parameters of the nature which we observe is not necessarily explained by the dynamics of the
theory, but may be chosen so that the human civilization can exist. There would be multiple vacua
on which we can live. We can calculate the distribution function of the parameters sampled from
those habitable vacua weighted by the number of observers in the vacua. The parameter we observed
would be around the most plausible one (the principle of mediocrity [13]). This notion succeeded in
predicting a rough value of the cosmological constant [14].
In the landscape the expected inflationary dynamics is the following [15, 16]. The universe would
be initially inhomogeneous, with length/energy scales set by the fundamental scale. A scalar field
resides in a meta-stable vacuum and the potential energy eventually dominates the universe, driving
a precedent inflation which erases the inhomogeneity. The scalar field tunnels toward the vacuum
with a small potential energy, and the universe becomes open and curvature dominated [17, 18]. For
habitability, inflation with a sufficient number of e-foldings must occur afterward, since otherwise the
galaxy formation is prevented [19, 20]. Then the flatness of the inflaton potential is not necessarily the
one to be explained by the property of the theory, but may be as a result of the anthropic selection.
Still, we should ask if the small, Pζ ∼ 10−9, and nearly scale-invariant, ns ∼ 0.96, cosmic perturbation
[21] is a plausible one. We investigate this question by considering the inflationary dynamics as well
as the post-inflationary evolution of the universe.
Anthropic arguments from the post-inflationary evolution alone do not seem strong enough to
enforce the amplitude of primordial perturbation power spectrum Pζ ∼ 10−9. A larger energy density
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from cosmological constant ρΛ requires a larger primordial perturbation so that structure can be
formed in our universe. In particular, the density contrast at the time of matter-dark energy equality
needs to be larger than a certain threshold to allow structure formation [14, 22, 23]
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Here the subscripts R−M eq, M−DE eq, and ∗ denote the time of radiation-matter equality, matter-
dark energy equality, and the time of horizon re-entrance respectively. We approximated the density
contrast δρ/ρ at the time of radiation-matter equality by that at horizon re-entrance because the
density contrast only evolves logarithmically during radiation dominant era. With (δρ/ρ)2 ∼ Pζ , this
means that for a given Pζ , the maximum energy density the cosmological constant can have is then
1
ρmaxΛ ∝ P 3/2ζ . (1.2)
Assuming the energy density of the cosmological constant follows a uniform probability distribution∫ ρmaxΛ
0
dρΛ, (1.3)
this translates to a contribution to the probability distribution of Pζ of the form P
3/2
ζ which biases
toward large Pζ .
A universe with a very large Pζ may be anthropically disfavored by the property of the galaxy [26,
27]. If (δρ/ρ) is too large, the galaxy would be too dense such that the time scale of orbital disruption
and close encounter with nearby planets is too short. Although it is not clear what kind of encounter
kills the earth-like planet, and the corresponding bound on δρ/ρ is uncertain, we adopt the bound of
(δρ/ρ) < O(10−4) [26, 27]. Although the typical value of δρ/ρ is P 1/2ζ , even if Pζ > O(10−8), it is still
possible that we live in a part of the universe with a small energy contrast. Assuming the probability
distribution to populate at the region with a density contrast δ ≡ δρ/ρ in a universe with a primordial
perturbation amplitude Pζ is Gaussian, the probability to be in the habitable region is
2
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∝ P−1/2ζ . (1.4)
In Figure 1 we schematically summarize the probability distribution Ppost(Pζ) of having a universe
with primordial perturbation amplitude Pζ based on the anthropic consideration of post-inflationary
evolution we discussed. We see that by just considering the post-inflationary evolution, the observed
value Pζ ∼ 10−9 already require a fine-tuning of about a few percent. In addition, to obtain the
full probability of having a Pζ , one also needs to consider the probability stemming from inflation
dynamics. In doing so, as most of the realistic measures suggest [28–33], we do not weight the increase
of the volume due to inflation. If the inflation scale V is simply given by a mass parameter, it is biased
toward the fundamental scale. Then Pζ =
V
24pi2
is also biased toward larger values. For example,
in the appendix, we consider a generic small field inflation model with Z2 symmetry and find that
the probability from anthropic consideration on inflation alone strongly bias toward large Pζ with
Pinf(Pζ) ∝ P 19/4ζ . In this type of model the small primordial perturbation is highly implausible. An
inflation model with Pζ not biased toward large values is required.
1There are other criteria proposed for the anthropic conditions for the dark energy density (see, e.g., [24, 25]), which can
lead to different powers than 3/2. In this paper we consider the original criterion in [14, 22].
2The property of the galaxy may depend on Pζ . For example, for larger Pζ the formation of proto-galaxies occurs earlier,
which will change the initial metallicity of the galaxy. We do not consider this effect in this paper.
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Figure 1. The schematic summary of the probability distribution Ppost(Pζ) of having a primordial perturbation
amplitude Pζ from anthropic consideration of post-inflationary evolution.
A spectral index close to unity is apparently challenging. The spectral index ns is given by
ns = 1 + 2η − 6, η ≡ V
′′
V
,  ≡ 1
2
(
V ′
V
)2
. (1.5)
Having a spectral index ns ∼ 0.96 requires η ∼ 0.02 1. In order to explain the nearly-scale-invariant
spectrum, we essentially need to solve the η-problem [34–38]. It is not obvious if the requirement of
the large enough number of e-foldings can ensure such small η parameter.
Ref. [39] investigates the distributions of Pζ and ns, assuming that the inflaton potential obeys a
Gaussian distribution, and find that the observed values are highly implausible unless the inflaton field
value is as large as the Planck scale. Ref. [40] investigates the inflection point inflation also assuming
the Gaussian distribution. In this set up the number of the e-folding tends to be larger for a small
and positive η parameter. After imposing the anthropic requirement, the spectrum tends to be blue,
but the probability of ns < 0.97 is found to be about 0.2, which is reasonably high. However, the
distribution of Pζ is not discussed.
In this paper we investigate the distributions of Pζ and ns for a new inflation model where
the inflaton is trapped around the origin during the precedent inflation by a Hubble induced mass.
Although the field value of the inflaton is homogeneous inside the horizon because of the damping
during the precedent inflation, quantum fluctuation of long-wave length modes is produced, which
effectively works as a homogeneous but non-zero initial condition of inflation, unless the Hubble
induced mass is much larger than the Hubble scale to suppress the quantum fluctuation. We show
that this probabilistic nature of inflaton initial condition is an important key to understand ns close
to unity. We focus on a supersymmetric model. As we will see, the smallness of Pζ is then also
explained, as some of the parameter of the theory can be biased toward small values or logarithmically
distributed in supersymmetric theories. Our results are summarized in Figure 9, where we show the
probability distribution PζPnet(Pζ , k) of Pζ and k ' −η, taking into account of both inflationary and
post-inflationary dynamics. In the contour plot we can see that the probability distribution is biased
toward smaller k value and hence the η-problem is solved. In addition, with an anthropic bound on
the density contrast δρ/ρ < O(10−4), the observed universe with Pζ ∼ 10−9 and ns ' 0.965, which is
marked by the blue star in Figure 9, is actually a typical one.
This paper is organized as follows. In the next section We first elaborate on the necessity of
including the probability distribution of inflaton initial condition in generic new inflation models. We
then consider a supersymmetric model and parametrize the probability distributions of the couplings.
We find that, for a certain distribution of the couplings of the model, the observed small (Pζ ∼ 10−9)
and scale-invariant (ns ' 0.96) curvature perturbation is probabilistically favorable. We then discuss
and summarize our results in Sec.3. In the appendix we show our study on the general new-inflation-
3
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<latexit sha1_base64="0ZU7h5gVAd FQVrcUPdInALrLHro=">AAAF0HicddRPb9MwFABwD1YY5d8GRy7WJqTtMqUTEhw nmLZpXbfBWDtpqaYX57W16vyZ7cCKFSGu3LjCx+DT8G1wujClqbHU9On97OeXNH WQCq605/1ZuHN3sXHv/tKD5sNHj588XV551lVJJhmesUQk8jwAhYLHeKa5FnieS oQoENgLxu8K731CqXgSf9STFPsRDGM+4Ay0TfW663464huXy2vepjcddD5olcEa KcfJ5cribz9MWBZhrJkApS5aXqr7BqTmTGDe9DOFKbAxDPHChjFEqPpm2m9OX9 pMSAeJtJ9Y02m2usIEEsao8+ZMEiKlJlFgl0egR6puRdJlF5kevOkbHqeZxpjd7 D7IBNUJLZ4IDblEpsXEBsAktzdA2QgkMG2f22wLRXGpBqrWGQMh+FBC3qR2+CEO fJuSxtd4rY1/CHKI1P83i8p8bn3MUBTJGD+zJIogDo0f4FVeXIc8NniVTX8wu3J mDk7noA3/N8NWgdsyYBtw1YCyiNNt3zvWi3u3odlx+GHFDx3ernjb4ccVP3b4Xs X3HH5a8VOHH1T8wOHdincdvl/xfYfvVnzX4Z2Kdxzeq3jP4UcVP6p7ajEt/ngga hLal8r4MQQCauLlZt3bqCW3bHKrngyLdyNMtIH6vmFQSjAnrBQ2J2EpYV0US3Ve fEmeasW/YM3bMBIoc9P2V20rRUxrMzr2QXQub0vcXPVEID3xUQi7oT3mWvVDbT7 obm22vM3W+1dr22/LA2+JvCCrZJ20yGuyTfbJCTkjjIzJD/KT/Gp8aFw3vja+3U y9s1CueU5mRuP7XxmvGS8=</latexit><latexit sha1_base64="0ZU7h5gVAd FQVrcUPdInALrLHro=">AAAF0HicddRPb9MwFABwD1YY5d8GRy7WJqTtMqUTEhw nmLZpXbfBWDtpqaYX57W16vyZ7cCKFSGu3LjCx+DT8G1wujClqbHU9On97OeXNH WQCq605/1ZuHN3sXHv/tKD5sNHj588XV551lVJJhmesUQk8jwAhYLHeKa5FnieS oQoENgLxu8K731CqXgSf9STFPsRDGM+4Ay0TfW663464huXy2vepjcddD5olcEa KcfJ5cribz9MWBZhrJkApS5aXqr7BqTmTGDe9DOFKbAxDPHChjFEqPpm2m9OX9 pMSAeJtJ9Y02m2usIEEsao8+ZMEiKlJlFgl0egR6puRdJlF5kevOkbHqeZxpjd7 D7IBNUJLZ4IDblEpsXEBsAktzdA2QgkMG2f22wLRXGpBqrWGQMh+FBC3qR2+CEO fJuSxtd4rY1/CHKI1P83i8p8bn3MUBTJGD+zJIogDo0f4FVeXIc8NniVTX8wu3J mDk7noA3/N8NWgdsyYBtw1YCyiNNt3zvWi3u3odlx+GHFDx3ernjb4ccVP3b4Xs X3HH5a8VOHH1T8wOHdincdvl/xfYfvVnzX4Z2Kdxzeq3jP4UcVP6p7ajEt/ngga hLal8r4MQQCauLlZt3bqCW3bHKrngyLdyNMtIH6vmFQSjAnrBQ2J2EpYV0US3Ve fEmeasW/YM3bMBIoc9P2V20rRUxrMzr2QXQub0vcXPVEID3xUQi7oT3mWvVDbT7 obm22vM3W+1dr22/LA2+JvCCrZJ20yGuyTfbJCTkjjIzJD/KT/Gp8aFw3vja+3U y9s1CueU5mRuP7XxmvGS8=</latexit><latexit sha1_base64="0ZU7h5gVAd FQVrcUPdInALrLHro=">AAAF0HicddRPb9MwFABwD1YY5d8GRy7WJqTtMqUTEhw nmLZpXbfBWDtpqaYX57W16vyZ7cCKFSGu3LjCx+DT8G1wujClqbHU9On97OeXNH WQCq605/1ZuHN3sXHv/tKD5sNHj588XV551lVJJhmesUQk8jwAhYLHeKa5FnieS oQoENgLxu8K731CqXgSf9STFPsRDGM+4Ay0TfW663464huXy2vepjcddD5olcEa KcfJ5cribz9MWBZhrJkApS5aXqr7BqTmTGDe9DOFKbAxDPHChjFEqPpm2m9OX9 pMSAeJtJ9Y02m2usIEEsao8+ZMEiKlJlFgl0egR6puRdJlF5kevOkbHqeZxpjd7 D7IBNUJLZ4IDblEpsXEBsAktzdA2QgkMG2f22wLRXGpBqrWGQMh+FBC3qR2+CEO fJuSxtd4rY1/CHKI1P83i8p8bn3MUBTJGD+zJIogDo0f4FVeXIc8NniVTX8wu3J mDk7noA3/N8NWgdsyYBtw1YCyiNNt3zvWi3u3odlx+GHFDx3ernjb4ccVP3b4Xs X3HH5a8VOHH1T8wOHdincdvl/xfYfvVnzX4Z2Kdxzeq3jP4UcVP6p7ajEt/ngga hLal8r4MQQCauLlZt3bqCW3bHKrngyLdyNMtIH6vmFQSjAnrBQ2J2EpYV0US3Ve fEmeasW/YM3bMBIoc9P2V20rRUxrMzr2QXQub0vcXPVEID3xUQi7oT3mWvVDbT7 obm22vM3W+1dr22/LA2+JvCCrZJ20yGuyTfbJCTkjjIzJD/KT/Gp8aFw3vja+3U y9s1CueU5mRuP7XxmvGS8=</latexit><latexit sha1_base64="0ZU7h5gVAd FQVrcUPdInALrLHro=">AAAF0HicddRPb9MwFABwD1YY5d8GRy7WJqTtMqUTEhw nmLZpXbfBWDtpqaYX57W16vyZ7cCKFSGu3LjCx+DT8G1wujClqbHU9On97OeXNH WQCq605/1ZuHN3sXHv/tKD5sNHj588XV551lVJJhmesUQk8jwAhYLHeKa5FnieS oQoENgLxu8K731CqXgSf9STFPsRDGM+4Ay0TfW663464huXy2vepjcddD5olcEa KcfJ5cribz9MWBZhrJkApS5aXqr7BqTmTGDe9DOFKbAxDPHChjFEqPpm2m9OX9 pMSAeJtJ9Y02m2usIEEsao8+ZMEiKlJlFgl0egR6puRdJlF5kevOkbHqeZxpjd7 D7IBNUJLZ4IDblEpsXEBsAktzdA2QgkMG2f22wLRXGpBqrWGQMh+FBC3qR2+CEO fJuSxtd4rY1/CHKI1P83i8p8bn3MUBTJGD+zJIogDo0f4FVeXIc8NniVTX8wu3J mDk7noA3/N8NWgdsyYBtw1YCyiNNt3zvWi3u3odlx+GHFDx3ernjb4ccVP3b4Xs X3HH5a8VOHH1T8wOHdincdvl/xfYfvVnzX4Z2Kdxzeq3jP4UcVP6p7ajEt/ngga hLal8r4MQQCauLlZt3bqCW3bHKrngyLdyNMtIH6vmFQSjAnrBQ2J2EpYV0US3Ve fEmeasW/YM3bMBIoc9P2V20rRUxrMzr2QXQub0vcXPVEID3xUQi7oT3mWvVDbT7 obm22vM3W+1dr22/LA2+JvCCrZJ20yGuyTfbJCTkjjIzJD/KT/Gp8aFw3vja+3U y9s1CueU5mRuP7XxmvGS8=</latexit>
-tunnelingbefore  
<latexit sha1_base64="WMQ36 JsGjHTptq0Pbpr1bpPAKso=">AAAFzXicddRPT9swFABww+jGun+w HXexQJPYpUoLpeyGNgSIUmBitEikQo7z2lp1/mA72zovu+626/Y99m n2beaUgNJgLDV9ej/7+SVN7cWcSeU4/+bmHyxUHj5afFx98vTZ8xd Lyy+7MkoEhTMa8Uice0QCZyGcKaY4nMcCSOBx6HnjD5n3PoOQLAo/ qUkM/YAMQzZglKgs5dIRu1xadWr1VqPefIed2vpms+U0TbC53tpqb uB6zZmOVZSPk8vlhb+uH9EkgFBRTqS8qDux6msiFKMc0qqbSIgJHZ MhXJgwJAHIvp42m+I3JuPjQSTMJ1R4mi2u0J4gY1BpdSZJAikngWeW B0SNZNmypM0uEjXY6msWxomCkF7vPkg4VhHOHgf2mQCq+MQEhApmb gDTERGEKvPQZlvIigs5kKXOKOGcDQVJq9gM14eBa1JCuwq+Ku0eEj EE7N7MwiK9sz6kwLNkCF9oFAQk9LXrwVWaXYcs1HCVTH8ts3JmDkz ngAnvm2GqkNsyxDRgq0HyIlY3fe8Yz+7dhHrH4ocFP7R4u+Btix8X/ NjiewXfs/hpwU8tflDwA4t3C961+H7B9y2+W/Bdi3cK3rF4r+A9ix 8V/KjsscE4++MRXhLfvFTaDYnHSUmcVK85b0vJhkk2ykk/ezf8SGl S3tf3cvHuCM2F3hE/F78sksYqzb4Ei5Vk36DkbTLiIFLddldMK1mM SzM65kF0Lm9LXF/VhAM+cYFzs6E55m7OMnx/0G3U6uY0/Lixuv0+P/ AW0Wu0gtZQHbXQNtpHJ+gMUTRCv9Bv9KdyXEkq3ys/rqfOz+VrXqG ZUfn5H45DGLE=</latexit><latexit sha1_base64="WMQ36 JsGjHTptq0Pbpr1bpPAKso=">AAAFzXicddRPT9swFABww+jGun+w HXexQJPYpUoLpeyGNgSIUmBitEikQo7z2lp1/mA72zovu+626/Y99m n2beaUgNJgLDV9ej/7+SVN7cWcSeU4/+bmHyxUHj5afFx98vTZ8xd Lyy+7MkoEhTMa8Uice0QCZyGcKaY4nMcCSOBx6HnjD5n3PoOQLAo/ qUkM/YAMQzZglKgs5dIRu1xadWr1VqPefIed2vpms+U0TbC53tpqb uB6zZmOVZSPk8vlhb+uH9EkgFBRTqS8qDux6msiFKMc0qqbSIgJHZ MhXJgwJAHIvp42m+I3JuPjQSTMJ1R4mi2u0J4gY1BpdSZJAikngWeW B0SNZNmypM0uEjXY6msWxomCkF7vPkg4VhHOHgf2mQCq+MQEhApmb gDTERGEKvPQZlvIigs5kKXOKOGcDQVJq9gM14eBa1JCuwq+Ku0eEj EE7N7MwiK9sz6kwLNkCF9oFAQk9LXrwVWaXYcs1HCVTH8ts3JmDkz ngAnvm2GqkNsyxDRgq0HyIlY3fe8Yz+7dhHrH4ocFP7R4u+Btix8X/ NjiewXfs/hpwU8tflDwA4t3C961+H7B9y2+W/Bdi3cK3rF4r+A9ix 8V/KjsscE4++MRXhLfvFTaDYnHSUmcVK85b0vJhkk2ykk/ezf8SGl S3tf3cvHuCM2F3hE/F78sksYqzb4Ei5Vk36DkbTLiIFLddldMK1mM SzM65kF0Lm9LXF/VhAM+cYFzs6E55m7OMnx/0G3U6uY0/Lixuv0+P/ AW0Wu0gtZQHbXQNtpHJ+gMUTRCv9Bv9KdyXEkq3ys/rqfOz+VrXqG ZUfn5H45DGLE=</latexit><latexit sha1_base64="WMQ36 JsGjHTptq0Pbpr1bpPAKso=">AAAFzXicddRPT9swFABww+jGun+w HXexQJPYpUoLpeyGNgSIUmBitEikQo7z2lp1/mA72zovu+626/Y99m n2beaUgNJgLDV9ej/7+SVN7cWcSeU4/+bmHyxUHj5afFx98vTZ8xd Lyy+7MkoEhTMa8Uice0QCZyGcKaY4nMcCSOBx6HnjD5n3PoOQLAo/ qUkM/YAMQzZglKgs5dIRu1xadWr1VqPefIed2vpms+U0TbC53tpqb uB6zZmOVZSPk8vlhb+uH9EkgFBRTqS8qDux6msiFKMc0qqbSIgJHZ MhXJgwJAHIvp42m+I3JuPjQSTMJ1R4mi2u0J4gY1BpdSZJAikngWeW B0SNZNmypM0uEjXY6msWxomCkF7vPkg4VhHOHgf2mQCq+MQEhApmb gDTERGEKvPQZlvIigs5kKXOKOGcDQVJq9gM14eBa1JCuwq+Ku0eEj EE7N7MwiK9sz6kwLNkCF9oFAQk9LXrwVWaXYcs1HCVTH8ts3JmDkz ngAnvm2GqkNsyxDRgq0HyIlY3fe8Yz+7dhHrH4ocFP7R4u+Btix8X/ NjiewXfs/hpwU8tflDwA4t3C961+H7B9y2+W/Bdi3cK3rF4r+A9ix 8V/KjsscE4++MRXhLfvFTaDYnHSUmcVK85b0vJhkk2ykk/ezf8SGl S3tf3cvHuCM2F3hE/F78sksYqzb4Ei5Vk36DkbTLiIFLddldMK1mM SzM65kF0Lm9LXF/VhAM+cYFzs6E55m7OMnx/0G3U6uY0/Lixuv0+P/ AW0Wu0gtZQHbXQNtpHJ+gMUTRCv9Bv9KdyXEkq3ys/rqfOz+VrXqG ZUfn5H45DGLE=</latexit><latexit sha1_base64="WMQ36 JsGjHTptq0Pbpr1bpPAKso=">AAAFzXicddRPT9swFABww+jGun+w HXexQJPYpUoLpeyGNgSIUmBitEikQo7z2lp1/mA72zovu+626/Y99m n2beaUgNJgLDV9ej/7+SVN7cWcSeU4/+bmHyxUHj5afFx98vTZ8xd Lyy+7MkoEhTMa8Uice0QCZyGcKaY4nMcCSOBx6HnjD5n3PoOQLAo/ qUkM/YAMQzZglKgs5dIRu1xadWr1VqPefIed2vpms+U0TbC53tpqb uB6zZmOVZSPk8vlhb+uH9EkgFBRTqS8qDux6msiFKMc0qqbSIgJHZ MhXJgwJAHIvp42m+I3JuPjQSTMJ1R4mi2u0J4gY1BpdSZJAikngWeW B0SNZNmypM0uEjXY6msWxomCkF7vPkg4VhHOHgf2mQCq+MQEhApmb gDTERGEKvPQZlvIigs5kKXOKOGcDQVJq9gM14eBa1JCuwq+Ku0eEj EE7N7MwiK9sz6kwLNkCF9oFAQk9LXrwVWaXYcs1HCVTH8ts3JmDkz ngAnvm2GqkNsyxDRgq0HyIlY3fe8Yz+7dhHrH4ocFP7R4u+Btix8X/ NjiewXfs/hpwU8tflDwA4t3C961+H7B9y2+W/Bdi3cK3rF4r+A9ix 8V/KjsscE4++MRXhLfvFTaDYnHSUmcVK85b0vJhkk2ykk/ezf8SGl S3tf3cvHuCM2F3hE/F78sksYqzb4Ei5Vk36DkbTLiIFLddldMK1mM SzM65kF0Lm9LXF/VhAM+cYFzs6E55m7OMnx/0G3U6uY0/Lixuv0+P/ AW0Wu0gtZQHbXQNtpHJ+gMUTRCv9Bv9KdyXEkq3ys/rqfOz+VrXqG ZUfn5H45DGLE=</latexit>
-tunnelingafter 
<latexit sha1_base64="WMQ36JsGjHTptq0Pbpr1bpPAKso=">AA AFzXicddRPT9swFABww+jGun+wHXexQJPYpUoLpeyGNgSIUmBitEikQo7z2lp1/mA72zovu+626/Y99mn2beaUgNJgLDV9ej/7+SVN7cWc SeU4/+bmHyxUHj5afFx98vTZ8xdLyy+7MkoEhTMa8Uice0QCZyGcKaY4nMcCSOBx6HnjD5n3PoOQLAo/qUkM/YAMQzZglKgs5dIRu1xadWr 1VqPefIed2vpms+U0TbC53tpqbuB6zZmOVZSPk8vlhb+uH9EkgFBRTqS8qDux6msiFKMc0qqbSIgJHZMhXJgwJAHIvp42m+I3JuPjQSTMJ 1R4mi2u0J4gY1BpdSZJAikngWeWB0SNZNmypM0uEjXY6msWxomCkF7vPkg4VhHOHgf2mQCq+MQEhApmbgDTERGEKvPQZlvIigs5kKXOKOGc DQVJq9gM14eBa1JCuwq+Ku0eEjEE7N7MwiK9sz6kwLNkCF9oFAQk9LXrwVWaXYcs1HCVTH8ts3JmDkzngAnvm2GqkNsyxDRgq0HyIlY3fe 8Yz+7dhHrH4ocFP7R4u+Btix8X/NjiewXfs/hpwU8tflDwA4t3C961+H7B9y2+W/Bdi3cK3rF4r+A9ix8V/KjsscE4++MRXhLfvFTaDYnH SUmcVK85b0vJhkk2ykk/ezf8SGlS3tf3cvHuCM2F3hE/F78sksYqzb4Ei5Vk36DkbTLiIFLddldMK1mMSzM65kF0Lm9LXF/VhAM+cYFzs6E 55m7OMnx/0G3U6uY0/Lixuv0+P/AW0Wu0gtZQHbXQNtpHJ+gMUTRCv9Bv9KdyXEkq3ys/rqfOz+VrXqGZUfn5H45DGLE=</latexit><latexit sha1_base64="WMQ36JsGjHTptq0Pbpr1bpPAKso=">AA AFzXicddRPT9swFABww+jGun+wHXexQJPYpUoLpeyGNgSIUmBitEikQo7z2lp1/mA72zovu+626/Y99mn2beaUgNJgLDV9ej/7+SVN7cWc SeU4/+bmHyxUHj5afFx98vTZ8xdLyy+7MkoEhTMa8Uice0QCZyGcKaY4nMcCSOBx6HnjD5n3PoOQLAo/qUkM/YAMQzZglKgs5dIRu1xadWr 1VqPefIed2vpms+U0TbC53tpqbuB6zZmOVZSPk8vlhb+uH9EkgFBRTqS8qDux6msiFKMc0qqbSIgJHZMhXJgwJAHIvp42m+I3JuPjQSTMJ 1R4mi2u0J4gY1BpdSZJAikngWeWB0SNZNmypM0uEjXY6msWxomCkF7vPkg4VhHOHgf2mQCq+MQEhApmbgDTERGEKvPQZlvIigs5kKXOKOGc DQVJq9gM14eBa1JCuwq+Ku0eEjEE7N7MwiK9sz6kwLNkCF9oFAQk9LXrwVWaXYcs1HCVTH8ts3JmDkzngAnvm2GqkNsyxDRgq0HyIlY3fe 8Yz+7dhHrH4ocFP7R4u+Btix8X/NjiewXfs/hpwU8tflDwA4t3C961+H7B9y2+W/Bdi3cK3rF4r+A9ix8V/KjsscE4++MRXhLfvFTaDYnH SUmcVK85b0vJhkk2ykk/ezf8SGlS3tf3cvHuCM2F3hE/F78sksYqzb4Ei5Vk36DkbTLiIFLddldMK1mMSzM65kF0Lm9LXF/VhAM+cYFzs6E 55m7OMnx/0G3U6uY0/Lixuv0+P/AW0Wu0gtZQHbXQNtpHJ+gMUTRCv9Bv9KdyXEkq3ys/rqfOz+VrXqGZUfn5H45DGLE=</latexit><latexit sha1_base64="WMQ36JsGjHTptq0Pbpr1bpPAKso=">AA AFzXicddRPT9swFABww+jGun+wHXexQJPYpUoLpeyGNgSIUmBitEikQo7z2lp1/mA72zovu+626/Y99mn2beaUgNJgLDV9ej/7+SVN7cWc SeU4/+bmHyxUHj5afFx98vTZ8xdLyy+7MkoEhTMa8Uice0QCZyGcKaY4nMcCSOBx6HnjD5n3PoOQLAo/qUkM/YAMQzZglKgs5dIRu1xadWr 1VqPefIed2vpms+U0TbC53tpqbuB6zZmOVZSPk8vlhb+uH9EkgFBRTqS8qDux6msiFKMc0qqbSIgJHZMhXJgwJAHIvp42m+I3JuPjQSTMJ 1R4mi2u0J4gY1BpdSZJAikngWeWB0SNZNmypM0uEjXY6msWxomCkF7vPkg4VhHOHgf2mQCq+MQEhApmbgDTERGEKvPQZlvIigs5kKXOKOGc DQVJq9gM14eBa1JCuwq+Ku0eEjEE7N7MwiK9sz6kwLNkCF9oFAQk9LXrwVWaXYcs1HCVTH8ts3JmDkzngAnvm2GqkNsyxDRgq0HyIlY3fe 8Yz+7dhHrH4ocFP7R4u+Btix8X/NjiewXfs/hpwU8tflDwA4t3C961+H7B9y2+W/Bdi3cK3rF4r+A9ix8V/KjsscE4++MRXhLfvFTaDYnH SUmcVK85b0vJhkk2ykk/ezf8SGlS3tf3cvHuCM2F3hE/F78sksYqzb4Ei5Vk36DkbTLiIFLddldMK1mMSzM65kF0Lm9LXF/VhAM+cYFzs6E 55m7OMnx/0G3U6uY0/Lixuv0+P/AW0Wu0gtZQHbXQNtpHJ+gMUTRCv9Bv9KdyXEkq3ys/rqfOz+VrXqGZUfn5H45DGLE=</latexit><latexit sha1_base64="WMQ36JsGjHTptq0Pbpr1bpPAKso=">AA AFzXicddRPT9swFABww+jGun+wHXexQJPYpUoLpeyGNgSIUmBitEikQo7z2lp1/mA72zovu+626/Y99mn2beaUgNJgLDV9ej/7+SVN7cWc SeU4/+bmHyxUHj5afFx98vTZ8xdLyy+7MkoEhTMa8Uice0QCZyGcKaY4nMcCSOBx6HnjD5n3PoOQLAo/qUkM/YAMQzZglKgs5dIRu1xadWr 1VqPefIed2vpms+U0TbC53tpqbuB6zZmOVZSPk8vlhb+uH9EkgFBRTqS8qDux6msiFKMc0qqbSIgJHZMhXJgwJAHIvp42m+I3JuPjQSTMJ 1R4mi2u0J4gY1BpdSZJAikngWeWB0SNZNmypM0uEjXY6msWxomCkF7vPkg4VhHOHgf2mQCq+MQEhApmbgDTERGEKvPQZlvIigs5kKXOKOGc DQVJq9gM14eBa1JCuwq+Ku0eEjEE7N7MwiK9sz6kwLNkCF9oFAQk9LXrwVWaXYcs1HCVTH8ts3JmDkzngAnvm2GqkNsyxDRgq0HyIlY3fe 8Yz+7dhHrH4ocFP7R4u+Btix8X/NjiewXfs/hpwU8tflDwA4t3C961+H7B9y2+W/Bdi3cK3rF4r+A9ix8V/KjsscE4++MRXhLfvFTaDYnH SUmcVK85b0vJhkk2ykk/ezf8SGlS3tf3cvHuCM2F3hE/F78sksYqzb4Ei5Vk36DkbTLiIFLddldMK1mMSzM65kF0Lm9LXF/VhAM+cYFzs6E 55m7OMnx/0G3U6uY0/Lixuv0+P/AW0Wu0gtZQHbXQNtpHJ+gMUTRCv9Bv9KdyXEkq3ys/rqfOz+VrXqGZUfn5H45DGLE=</latexit>
quantum
fluctuation
 i
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<latexit sha1_base64="7I1o/z2fPWNp+4ZCKD7qcp51ppY=">AAAF13icdZTPb9MwFM e9scIovzY4cok2IY3LlFZIcJxg2qp13YbG2qGlm16cl9aa42S2A5Qo4oa4cuMK/wJ/Df8NThemNDWWknz1/bz3/Owk9hPOlHbdPwuLt5Yat+8s323eu//g4aOV1cd9FaeS4gmNeSxPf VDImcATzTTH00QiRD7HgX/5puCDDygVi8U7PUlwGMFIsJBR0MY675y3LzImwtzrJUaurLub7nQ486JVinVSjqOL1aXfXhDTNEKhKQelzlpuoocZSM0ox7zppQoToJcwwjMjBUSohtm 07dx5ZpzACWNpLqGdqVvNyHwJl6jz5owJkVKTyDfpEeixqrPCtLGzVIevhmatSapR0OvZw5Q7OnaKjXECJpFqPjECqGRmAQ4dgwSqzfbNtlAUlypUtc4ocM5GEvKmY4YXYOgZS2aexk 868/ZBjtDx/kU5Mp/LFxR5YQr8SOMoAhFkno9XeXEfMZHhVTp9byZzJganMWjk/yJMFbgpA6YBWw0oi1i56Xvb8GLtRmbbFr5f4fsW3q3wroUfVvihhe9W+K6FH1f4sYXvVfiehfcrv G/hnQrvWPhOhe9YeK/CexY+qPCBhR9U+EGdJwYmxY8HvEYC81FlngCfQ424ebbhPq+ZbWO262ZQfBtBrDOozxv4JfHnCC0JnSNBSYI6UTTRefGQLNGKfcYa78KYo8yzrrdmWim0U4vo mY3oXdyUuL7rCUfnyEPOzYTmmGvVD7V50W9vttzN1tsX61uvywNvmTwla2SDtMhLskU65IicEEok+UF+kl+N940vja+Nb9ehiwtlzhMyMxrf/wKG+xxG</latexit><latexit sha1_base64="7I1o/z2fPWNp+4ZCKD7qcp51ppY=">AAAF13icdZTPb9MwFM e9scIovzY4cok2IY3LlFZIcJxg2qp13YbG2qGlm16cl9aa42S2A5Qo4oa4cuMK/wJ/Df8NThemNDWWknz1/bz3/Owk9hPOlHbdPwuLt5Yat+8s323eu//g4aOV1cd9FaeS4gmNeSxPf VDImcATzTTH00QiRD7HgX/5puCDDygVi8U7PUlwGMFIsJBR0MY675y3LzImwtzrJUaurLub7nQ486JVinVSjqOL1aXfXhDTNEKhKQelzlpuoocZSM0ox7zppQoToJcwwjMjBUSohtm 07dx5ZpzACWNpLqGdqVvNyHwJl6jz5owJkVKTyDfpEeixqrPCtLGzVIevhmatSapR0OvZw5Q7OnaKjXECJpFqPjECqGRmAQ4dgwSqzfbNtlAUlypUtc4ocM5GEvKmY4YXYOgZS2aexk 868/ZBjtDx/kU5Mp/LFxR5YQr8SOMoAhFkno9XeXEfMZHhVTp9byZzJganMWjk/yJMFbgpA6YBWw0oi1i56Xvb8GLtRmbbFr5f4fsW3q3wroUfVvihhe9W+K6FH1f4sYXvVfiehfcrv G/hnQrvWPhOhe9YeK/CexY+qPCBhR9U+EGdJwYmxY8HvEYC81FlngCfQ424ebbhPq+ZbWO262ZQfBtBrDOozxv4JfHnCC0JnSNBSYI6UTTRefGQLNGKfcYa78KYo8yzrrdmWim0U4vo mY3oXdyUuL7rCUfnyEPOzYTmmGvVD7V50W9vttzN1tsX61uvywNvmTwla2SDtMhLskU65IicEEok+UF+kl+N940vja+Nb9ehiwtlzhMyMxrf/wKG+xxG</latexit><latexit sha1_base64="7I1o/z2fPWNp+4ZCKD7qcp51ppY=">AAAF13icdZTPb9MwFM e9scIovzY4cok2IY3LlFZIcJxg2qp13YbG2qGlm16cl9aa42S2A5Qo4oa4cuMK/wJ/Df8NThemNDWWknz1/bz3/Owk9hPOlHbdPwuLt5Yat+8s323eu//g4aOV1cd9FaeS4gmNeSxPf VDImcATzTTH00QiRD7HgX/5puCDDygVi8U7PUlwGMFIsJBR0MY675y3LzImwtzrJUaurLub7nQ486JVinVSjqOL1aXfXhDTNEKhKQelzlpuoocZSM0ox7zppQoToJcwwjMjBUSohtm 07dx5ZpzACWNpLqGdqVvNyHwJl6jz5owJkVKTyDfpEeixqrPCtLGzVIevhmatSapR0OvZw5Q7OnaKjXECJpFqPjECqGRmAQ4dgwSqzfbNtlAUlypUtc4ocM5GEvKmY4YXYOgZS2aexk 868/ZBjtDx/kU5Mp/LFxR5YQr8SOMoAhFkno9XeXEfMZHhVTp9byZzJganMWjk/yJMFbgpA6YBWw0oi1i56Xvb8GLtRmbbFr5f4fsW3q3wroUfVvihhe9W+K6FH1f4sYXvVfiehfcrv G/hnQrvWPhOhe9YeK/CexY+qPCBhR9U+EGdJwYmxY8HvEYC81FlngCfQ424ebbhPq+ZbWO262ZQfBtBrDOozxv4JfHnCC0JnSNBSYI6UTTRefGQLNGKfcYa78KYo8yzrrdmWim0U4vo mY3oXdyUuL7rCUfnyEPOzYTmmGvVD7V50W9vttzN1tsX61uvywNvmTwla2SDtMhLskU65IicEEok+UF+kl+N940vja+Nb9ehiwtlzhMyMxrf/wKG+xxG</latexit><latexit sha1_base64="7I1o/z2fPWNp+4ZCKD7qcp51ppY=">AAAF13icdZTPb9MwFM e9scIovzY4cok2IY3LlFZIcJxg2qp13YbG2qGlm16cl9aa42S2A5Qo4oa4cuMK/wJ/Df8NThemNDWWknz1/bz3/Owk9hPOlHbdPwuLt5Yat+8s323eu//g4aOV1cd9FaeS4gmNeSxPf VDImcATzTTH00QiRD7HgX/5puCDDygVi8U7PUlwGMFIsJBR0MY675y3LzImwtzrJUaurLub7nQ486JVinVSjqOL1aXfXhDTNEKhKQelzlpuoocZSM0ox7zppQoToJcwwjMjBUSohtm 07dx5ZpzACWNpLqGdqVvNyHwJl6jz5owJkVKTyDfpEeixqrPCtLGzVIevhmatSapR0OvZw5Q7OnaKjXECJpFqPjECqGRmAQ4dgwSqzfbNtlAUlypUtc4ocM5GEvKmY4YXYOgZS2aexk 868/ZBjtDx/kU5Mp/LFxR5YQr8SOMoAhFkno9XeXEfMZHhVTp9byZzJganMWjk/yJMFbgpA6YBWw0oi1i56Xvb8GLtRmbbFr5f4fsW3q3wroUfVvihhe9W+K6FH1f4sYXvVfiehfcrv G/hnQrvWPhOhe9YeK/CexY+qPCBhR9U+EGdJwYmxY8HvEYC81FlngCfQ424ebbhPq+ZbWO262ZQfBtBrDOozxv4JfHnCC0JnSNBSYI6UTTRefGQLNGKfcYa78KYo8yzrrdmWim0U4vo mY3oXdyUuL7rCUfnyEPOzYTmmGvVD7V50W9vttzN1tsX61uvywNvmTwla2SDtMhLskU65IicEEok+UF+kl+N940vja+Nb9ehiwtlzhMyMxrf/wKG+xxG</latexit>
H2inf ⌧ H2pre
<latexit sha1_base64="eGs9yoV1vsgLakktHzt19jEuWus=">AAAF4XicdZTNbtNAEMe3pYESvlqQuHBZtUIql8qJkO BYQdVGTdMWlSaV6hCN1+N01fVHd9dAMH4AbogrN65w42l4G9apqRxnGcn2+P+bmZ1dr9dLBFfacf4sLN5Yaty8tXy7eefuvfsPVlYf9lWcSoYnLBaxPPVAoeARnmiuBZ4mEiH0BA68i9cFH7xHqXgcvdWTBIchjCMecAbaSKOVx5137VHGoyB3haDT F5Ofj1bWnU1nanTeaZXOOintaLS69Nv1Y5aGGGkmQKmzlpPoYQZScyYwb7qpwgTYBYzxzLgRhKiG2XQCOX1qFJ8GsTRXpOlUrWZknoQL1HlzRoRQqUnomfQQ9Lmqs0K0sbNUBy+HZs5JqjFiV6MHqaA6psUSUZ9LZFpMjANMcjMBys5BAtNmIWdbKIp LFahaZwyE4GMJeZMac30MXCPJzNX4UWfuPsgxUvdfFJX5XH7EUBRihB9YHIYQ+Znr4WVe3Mc8yvAynX5BkzkTg9MYNO7/IkwVuC4DpgFbDSiLWLnpe9vwYu7GzbYtfL/C9y28W+FdCz+s8EML363wXQs/rvBjC9+r8D0L71d438I7Fd6x8J0K37HwX oX3LHxQ4QMLP6jwgzpPDEyKHw9EjfhmU2VuBJ6AGnHybMN5VhPbRmzXRb/YG36sM6iP63sl8eYIKwmbI35J/DpRLNF58ZA80Yp/whrvwrlAmWddd820Uvi0FtEzC9EbXZe4uuuJQHrkohBmQHPMteqH2rzTb2+2nM3Wm+frW6/KA2+ZPCFrZIO0yAu yRTrkiJwQRj6TH+Qn+dVgjS+Nr41vV6GLC2XOIzJjje9/AdbXH+g=</latexit><latexit sha1_base64="eGs9yoV1vsgLakktHzt19jEuWus=">AAAF4XicdZTNbtNAEMe3pYESvlqQuHBZtUIql8qJkO BYQdVGTdMWlSaV6hCN1+N01fVHd9dAMH4AbogrN65w42l4G9apqRxnGcn2+P+bmZ1dr9dLBFfacf4sLN5Yaty8tXy7eefuvfsPVlYf9lWcSoYnLBaxPPVAoeARnmiuBZ4mEiH0BA68i9cFH7xHqXgcvdWTBIchjCMecAbaSKOVx5137VHGoyB3haDT F5Ofj1bWnU1nanTeaZXOOintaLS69Nv1Y5aGGGkmQKmzlpPoYQZScyYwb7qpwgTYBYzxzLgRhKiG2XQCOX1qFJ8GsTRXpOlUrWZknoQL1HlzRoRQqUnomfQQ9Lmqs0K0sbNUBy+HZs5JqjFiV6MHqaA6psUSUZ9LZFpMjANMcjMBys5BAtNmIWdbKIp LFahaZwyE4GMJeZMac30MXCPJzNX4UWfuPsgxUvdfFJX5XH7EUBRihB9YHIYQ+Znr4WVe3Mc8yvAynX5BkzkTg9MYNO7/IkwVuC4DpgFbDSiLWLnpe9vwYu7GzbYtfL/C9y28W+FdCz+s8EML363wXQs/rvBjC9+r8D0L71d438I7Fd6x8J0K37HwX oX3LHxQ4QMLP6jwgzpPDEyKHw9EjfhmU2VuBJ6AGnHybMN5VhPbRmzXRb/YG36sM6iP63sl8eYIKwmbI35J/DpRLNF58ZA80Yp/whrvwrlAmWddd820Uvi0FtEzC9EbXZe4uuuJQHrkohBmQHPMteqH2rzTb2+2nM3Wm+frW6/KA2+ZPCFrZIO0yAu yRTrkiJwQRj6TH+Qn+dVgjS+Nr41vV6GLC2XOIzJjje9/AdbXH+g=</latexit><latexit sha1_base64="eGs9yoV1vsgLakktHzt19jEuWus=">AAAF4XicdZTNbtNAEMe3pYESvlqQuHBZtUIql8qJkO BYQdVGTdMWlSaV6hCN1+N01fVHd9dAMH4AbogrN65w42l4G9apqRxnGcn2+P+bmZ1dr9dLBFfacf4sLN5Yaty8tXy7eefuvfsPVlYf9lWcSoYnLBaxPPVAoeARnmiuBZ4mEiH0BA68i9cFH7xHqXgcvdWTBIchjCMecAbaSKOVx5137VHGoyB3haDT F5Ofj1bWnU1nanTeaZXOOintaLS69Nv1Y5aGGGkmQKmzlpPoYQZScyYwb7qpwgTYBYzxzLgRhKiG2XQCOX1qFJ8GsTRXpOlUrWZknoQL1HlzRoRQqUnomfQQ9Lmqs0K0sbNUBy+HZs5JqjFiV6MHqaA6psUSUZ9LZFpMjANMcjMBys5BAtNmIWdbKIp LFahaZwyE4GMJeZMac30MXCPJzNX4UWfuPsgxUvdfFJX5XH7EUBRihB9YHIYQ+Znr4WVe3Mc8yvAynX5BkzkTg9MYNO7/IkwVuC4DpgFbDSiLWLnpe9vwYu7GzbYtfL/C9y28W+FdCz+s8EML363wXQs/rvBjC9+r8D0L71d438I7Fd6x8J0K37HwX oX3LHxQ4QMLP6jwgzpPDEyKHw9EjfhmU2VuBJ6AGnHybMN5VhPbRmzXRb/YG36sM6iP63sl8eYIKwmbI35J/DpRLNF58ZA80Yp/whrvwrlAmWddd820Uvi0FtEzC9EbXZe4uuuJQHrkohBmQHPMteqH2rzTb2+2nM3Wm+frW6/KA2+ZPCFrZIO0yAu yRTrkiJwQRj6TH+Qn+dVgjS+Nr41vV6GLC2XOIzJjje9/AdbXH+g=</latexit><latexit sha1_base64="eGs9yoV1vsgLakktHzt19jEuWus=">AAAF4XicdZTNbtNAEMe3pYESvlqQuHBZtUIql8qJkO BYQdVGTdMWlSaV6hCN1+N01fVHd9dAMH4AbogrN65w42l4G9apqRxnGcn2+P+bmZ1dr9dLBFfacf4sLN5Yaty8tXy7eefuvfsPVlYf9lWcSoYnLBaxPPVAoeARnmiuBZ4mEiH0BA68i9cFH7xHqXgcvdWTBIchjCMecAbaSKOVx5137VHGoyB3haDT F5Ofj1bWnU1nanTeaZXOOintaLS69Nv1Y5aGGGkmQKmzlpPoYQZScyYwb7qpwgTYBYzxzLgRhKiG2XQCOX1qFJ8GsTRXpOlUrWZknoQL1HlzRoRQqUnomfQQ9Lmqs0K0sbNUBy+HZs5JqjFiV6MHqaA6psUSUZ9LZFpMjANMcjMBys5BAtNmIWdbKIp LFahaZwyE4GMJeZMac30MXCPJzNX4UWfuPsgxUvdfFJX5XH7EUBRihB9YHIYQ+Znr4WVe3Mc8yvAynX5BkzkTg9MYNO7/IkwVuC4DpgFbDSiLWLnpe9vwYu7GzbYtfL/C9y28W+FdCz+s8EML363wXQs/rvBjC9+r8D0L71d438I7Fd6x8J0K37HwX oX3LHxQ4QMLP6jwgzpPDEyKHw9EjfhmU2VuBJ6AGnHybMN5VhPbRmzXRb/YG36sM6iP63sl8eYIKwmbI35J/DpRLNF58ZA80Yp/whrvwrlAmWddd820Uvi0FtEzC9EbXZe4uuuJQHrkohBmQHPMteqH2rzTb2+2nM3Wm+frW6/KA2+ZPCFrZIO0yAu yRTrkiJwQRj6TH+Qn+dVgjS+Nr41vV6GLC2XOIzJjje9/AdbXH+g=</latexit>
metastable
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quantum
tunneling
inflation
precedent inflation
oscillation
     -energy damped
curvature
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universe
 
<latexit sha1_base64="gU0KryY2322yAceiw6mV8E466Go=">AAAFzXicddRPT9swFABww+jGuj/AdtzFAk1ilyotsI4b2hAgSoGJ0SKRCr04r62F8wfb2dZl2X W3XbfvsU+zbzOnFJQGY6np0/vZzy9pai8WXGnH+Tcz+2Cu8vDR/OPqk6fPni8sLr3oqCiRDE9ZJCJ55oFCwUM81VwLPIslQuAJ7HqXH3LvfkapeBR+0qMYewEMQt7nDHSectmQXyyuODVno9lsNKlTW1/bXHu7aQLH2VhrbtK6CfKxQibj+GJp7q/rRywJMNRMgFLndSfWvRSk5kxgVnUThTGwSxjguQlDCFD10nGzGX1tMj7tR9J8Qk3H2e KK1JNwiTqrTiUhUGoUeGZ5AHqoypYnbXae6P67XsrDONEYsuvd+4mgOqL546A+l8i0GJkAmOTmBigbggSmzUObbiEvLlVflTpjIAQfSMiq1AzXx75rUjJ1NX7VqXsAcoDUvZlFZXZnfchQ5MkQv7AoCCD0U9fDqyy/DniY4lUy/rXMyqk5OJ6DJrxvhqkCt2XANGCrAZMiVjd9bxvP792E6bbFDwp+YPFWwVsWPyr4kcV3C75r8ZOCn1h8v+ D7Fu8UvGPxvYLvWXyn4DsWbxe8bfFuwbsWPyz4Ydljg3H+xwNREt+8VKkbgiegJE6WrjpvSsmGSTbKST9/N/xIp1De1/cm4t0RNhF2R/yJ+GVRLNZZ/iV5rBX/hiVvwVCgzNKWu2xayWNamtE2D6J9cVvi+qpHAumxi0KYDc0xd3OW0fuDTqNWd2r1j+srW+8nB948eUWWySqpkybZInvkmJwSRobkF/lN/lSOKknle+XH9dTZmcmal2RqV H7+B5kpGLM=</latexit><latexit sha1_base64="gU0KryY2322yAceiw6mV8E466Go=">AAAFzXicddRPT9swFABww+jGuj/AdtzFAk1ilyotsI4b2hAgSoGJ0SKRCr04r62F8wfb2dZl2X W3XbfvsU+zbzOnFJQGY6np0/vZzy9pai8WXGnH+Tcz+2Cu8vDR/OPqk6fPni8sLr3oqCiRDE9ZJCJ55oFCwUM81VwLPIslQuAJ7HqXH3LvfkapeBR+0qMYewEMQt7nDHSectmQXyyuODVno9lsNKlTW1/bXHu7aQLH2VhrbtK6CfKxQibj+GJp7q/rRywJMNRMgFLndSfWvRSk5kxgVnUThTGwSxjguQlDCFD10nGzGX1tMj7tR9J8Qk3H2e KK1JNwiTqrTiUhUGoUeGZ5AHqoypYnbXae6P67XsrDONEYsuvd+4mgOqL546A+l8i0GJkAmOTmBigbggSmzUObbiEvLlVflTpjIAQfSMiq1AzXx75rUjJ1NX7VqXsAcoDUvZlFZXZnfchQ5MkQv7AoCCD0U9fDqyy/DniY4lUy/rXMyqk5OJ6DJrxvhqkCt2XANGCrAZMiVjd9bxvP792E6bbFDwp+YPFWwVsWPyr4kcV3C75r8ZOCn1h8v+ D7Fu8UvGPxvYLvWXyn4DsWbxe8bfFuwbsWPyz4Ydljg3H+xwNREt+8VKkbgiegJE6WrjpvSsmGSTbKST9/N/xIp1De1/cm4t0RNhF2R/yJ+GVRLNZZ/iV5rBX/hiVvwVCgzNKWu2xayWNamtE2D6J9cVvi+qpHAumxi0KYDc0xd3OW0fuDTqNWd2r1j+srW+8nB948eUWWySqpkybZInvkmJwSRobkF/lN/lSOKknle+XH9dTZmcmal2RqV H7+B5kpGLM=</latexit><latexit sha1_base64="gU0KryY2322yAceiw6mV8E466Go=">AAAFzXicddRPT9swFABww+jGuj/AdtzFAk1ilyotsI4b2hAgSoGJ0SKRCr04r62F8wfb2dZl2X W3XbfvsU+zbzOnFJQGY6np0/vZzy9pai8WXGnH+Tcz+2Cu8vDR/OPqk6fPni8sLr3oqCiRDE9ZJCJ55oFCwUM81VwLPIslQuAJ7HqXH3LvfkapeBR+0qMYewEMQt7nDHSectmQXyyuODVno9lsNKlTW1/bXHu7aQLH2VhrbtK6CfKxQibj+GJp7q/rRywJMNRMgFLndSfWvRSk5kxgVnUThTGwSxjguQlDCFD10nGzGX1tMj7tR9J8Qk3H2e KK1JNwiTqrTiUhUGoUeGZ5AHqoypYnbXae6P67XsrDONEYsuvd+4mgOqL546A+l8i0GJkAmOTmBigbggSmzUObbiEvLlVflTpjIAQfSMiq1AzXx75rUjJ1NX7VqXsAcoDUvZlFZXZnfchQ5MkQv7AoCCD0U9fDqyy/DniY4lUy/rXMyqk5OJ6DJrxvhqkCt2XANGCrAZMiVjd9bxvP792E6bbFDwp+YPFWwVsWPyr4kcV3C75r8ZOCn1h8v+ D7Fu8UvGPxvYLvWXyn4DsWbxe8bfFuwbsWPyz4Ydljg3H+xwNREt+8VKkbgiegJE6WrjpvSsmGSTbKST9/N/xIp1De1/cm4t0RNhF2R/yJ+GVRLNZZ/iV5rBX/hiVvwVCgzNKWu2xayWNamtE2D6J9cVvi+qpHAumxi0KYDc0xd3OW0fuDTqNWd2r1j+srW+8nB948eUWWySqpkybZInvkmJwSRobkF/lN/lSOKknle+XH9dTZmcmal2RqV H7+B5kpGLM=</latexit><latexit sha1_base64="gU0KryY2322yAceiw6mV8E466Go=">AAAFzXicddRPT9swFABww+jGuj/AdtzFAk1ilyotsI4b2hAgSoGJ0SKRCr04r62F8wfb2dZl2X W3XbfvsU+zbzOnFJQGY6np0/vZzy9pai8WXGnH+Tcz+2Cu8vDR/OPqk6fPni8sLr3oqCiRDE9ZJCJ55oFCwUM81VwLPIslQuAJ7HqXH3LvfkapeBR+0qMYewEMQt7nDHSectmQXyyuODVno9lsNKlTW1/bXHu7aQLH2VhrbtK6CfKxQibj+GJp7q/rRywJMNRMgFLndSfWvRSk5kxgVnUThTGwSxjguQlDCFD10nGzGX1tMj7tR9J8Qk3H2e KK1JNwiTqrTiUhUGoUeGZ5AHqoypYnbXae6P67XsrDONEYsuvd+4mgOqL546A+l8i0GJkAmOTmBigbggSmzUObbiEvLlVflTpjIAQfSMiq1AzXx75rUjJ1NX7VqXsAcoDUvZlFZXZnfchQ5MkQv7AoCCD0U9fDqyy/DniY4lUy/rXMyqk5OJ6DJrxvhqkCt2XANGCrAZMiVjd9bxvP792E6bbFDwp+YPFWwVsWPyr4kcV3C75r8ZOCn1h8v+ D7Fu8UvGPxvYLvWXyn4DsWbxe8bfFuwbsWPyz4Ydljg3H+xwNREt+8VKkbgiegJE6WrjpvSsmGSTbKST9/N/xIp1De1/cm4t0RNhF2R/yJ+GVRLNZZ/iV5rBX/hiVvwVCgzNKWu2xayWNamtE2D6J9cVvi+qpHAumxi0KYDc0xd3OW0fuDTqNWd2r1j+srW+8nB948eUWWySqpkybZInvkmJwSRobkF/lN/lSOKknle+XH9dTZmcmal2RqV H7+B5kpGLM=</latexit>
Hubble induced mass of     vanishes 
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Figure 2. Schematic figure of the proposed scenario.
type model with Z2 symmetry, where observed spectral index ns is probabilistically favored but the
smallness of primordial perturbation cannot be explained.
2 New Inflation in the Landscape after Quantum Tunneling
In this section we consider new-inflation-type models in the landscape. We assume that the last
inflation which explains the flatness of the universe and the observed cosmic perturbation is a new-
inflation-type model with an inflaton φ. In the theory with multiple vacua, it is expected that a singlet
scalar field χ stays at its metastable vacuum and drives a precedent inflationary expansion, leading to
a homogeneous universe. After the quantum tunneling of the singlet scalar field, the universe becomes
an infinite open curvature dominated Friedmann-Robertson-Walker (FRW) universe while the scalar
field rolls down to a local minimum with a small potential energy. The universe is eventually dominated
by the potential energy of the inflaton (Figure 2). One may naively expect that a coupling between
the χ field and the inflaton (leading to so-called the Hubble induced mass) can trap the inflaton to the
origin and the initial inflaton field value φi is automatically small enough to initiate the last inflation.
This is generically not true. As we will see, after the tunneling the Hubble induced mass of the inflaton
is not effective. Therefore the inflaton fluctuation mode that just exited the horizon before quantum
tunneling may survive. Although the inflaton field value is homogeneous inside the horizon, the field
value must be fine-tuned for the last inflation to occur and last long enough. We investigate the impact
of this observation by computing the distribution function of the curvature perturbation Pζ and the
spectral index ns (equivalently the η parameter) after requiring enough number of e-folds N tote during
the last inflation. We find that Pζ as well as η may be biased toward small values, explaining the
observed very small (Pζ ∼ 10−9) and scale-invariant (ns ' 0.96) curvature perturbation.
2.1 Hubble Induced Mass and the Initial Condition after Tunneling
Let us follow the dynamics of the singlet scaler field χ and the inflaton φ before the inflation starts.
The mass of the inflaton in general depends on the energy density of the universe. Its evolution is
summarised in Figure 3.
When the singlet field is at its metastable vacuum χpre, the potential energy Vχ of the singlet field
dominates and the universe is in a precedent inflationary expansion. In the meanwhile, the inflaton
acquires a Hubble induced mass and can be driven toward φ = 0. For example, in supergravity when
the potential energy is dominated by the potential of the moduli field Vχ, the potential includes
V ⊃ Vχ
M2∗
|φ|2, (2.1)
4
ln a
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<latexit sha1_base64="3T1cP+inlBv89W0T8 UEW6OwtC2w=">AAAF13icddRPT9swFABww+jGuj/AdtzFAk2CS5WWatAb2hBUtAUmRstESuU4r62 F8wfb2dZF0W7Trrvtun2FfZp9mzkloDQYS02f3s9+fklTOyFnUlnWv7n5Bwulh48WH5efPH32fGl 55UVXBpGgcEoDHogzh0jgzIdTxRSHs1AA8RwOPefyXeq9TyAkC/wPahJC3yMjnw0ZJUqnLryL2sAO x2zdpmO2MVhesyrVbatu1bBVqW++2dza1kGjsVlvNHC1Yk3HGsrG8WBl4a/tBjTywFeUEynPq1ao +jERilEOSdmOJISEXpIRnOvQJx7IfjxtO8GvdcbFw0Doj6/wNJtfETuCXIJKyjNJ4kk58Ry93CNq LIuWJk12Hqnhdj9mfhgp8On17sOIYxXg9MFglwmgik90QKhg+gYwHRNBqNKPb7aFtLiQQ1nojBLO 2UiQpIz1sF0Y2jolYlvBFxXbbSJGgO2bWVgkd9b7FHia9OEzDTyP+G5sO3CVpNcR82O4iqa/m145M wemc0CH983QVchtGaIbMNUgWRGj6753taf3rsN41+DtnLcN3sp5y+BHOT8y+H7O9w1+kvMTgx/k/ MDg3Zx3Dd7MedPgeznfM3gn5x2D93LeM/hhzg+LHmoM0z8e4QVx9UsV2z5xOCmIlcTr1kYhWdPJW jHppu+GG6iYFPd1nUycO0IzoXfEzcQtiqShStIvwUIl2VcoeIuMOYgkbtmrupU0xoUZHf0gOoPbEt dXNeGAj23gXG+oj7mbswzfH3Rrlao+Dd/X13beZgfeInqFVtE6qqIttIOa6BidIooE+oV+oz+lj6 Vvpe+lH9dT5+eyNS/RzCj9/A8hYxxk</latexit><latexit sha1_base64="3T1cP+inlBv89W0T8 UEW6OwtC2w=">AAAF13icddRPT9swFABww+jGuj/AdtzFAk2CS5WWatAb2hBUtAUmRstESuU4r62 F8wfb2dZF0W7Trrvtun2FfZp9mzkloDQYS02f3s9+fklTOyFnUlnWv7n5Bwulh48WH5efPH32fGl 55UVXBpGgcEoDHogzh0jgzIdTxRSHs1AA8RwOPefyXeq9TyAkC/wPahJC3yMjnw0ZJUqnLryL2sAO x2zdpmO2MVhesyrVbatu1bBVqW++2dza1kGjsVlvNHC1Yk3HGsrG8WBl4a/tBjTywFeUEynPq1ao +jERilEOSdmOJISEXpIRnOvQJx7IfjxtO8GvdcbFw0Doj6/wNJtfETuCXIJKyjNJ4kk58Ry93CNq LIuWJk12Hqnhdj9mfhgp8On17sOIYxXg9MFglwmgik90QKhg+gYwHRNBqNKPb7aFtLiQQ1nojBLO 2UiQpIz1sF0Y2jolYlvBFxXbbSJGgO2bWVgkd9b7FHia9OEzDTyP+G5sO3CVpNcR82O4iqa/m145M wemc0CH983QVchtGaIbMNUgWRGj6753taf3rsN41+DtnLcN3sp5y+BHOT8y+H7O9w1+kvMTgx/k/ MDg3Zx3Dd7MedPgeznfM3gn5x2D93LeM/hhzg+LHmoM0z8e4QVx9UsV2z5xOCmIlcTr1kYhWdPJW jHppu+GG6iYFPd1nUycO0IzoXfEzcQtiqShStIvwUIl2VcoeIuMOYgkbtmrupU0xoUZHf0gOoPbEt dXNeGAj23gXG+oj7mbswzfH3Rrlao+Dd/X13beZgfeInqFVtE6qqIttIOa6BidIooE+oV+oz+lj6 Vvpe+lH9dT5+eyNS/RzCj9/A8hYxxk</latexit><latexit sha1_base64="3T1cP+inlBv89W0T8 UEW6OwtC2w=">AAAF13icddRPT9swFABww+jGuj/AdtzFAk2CS5WWatAb2hBUtAUmRstESuU4r62 F8wfb2dZF0W7Trrvtun2FfZp9mzkloDQYS02f3s9+fklTOyFnUlnWv7n5Bwulh48WH5efPH32fGl 55UVXBpGgcEoDHogzh0jgzIdTxRSHs1AA8RwOPefyXeq9TyAkC/wPahJC3yMjnw0ZJUqnLryL2sAO x2zdpmO2MVhesyrVbatu1bBVqW++2dza1kGjsVlvNHC1Yk3HGsrG8WBl4a/tBjTywFeUEynPq1ao +jERilEOSdmOJISEXpIRnOvQJx7IfjxtO8GvdcbFw0Doj6/wNJtfETuCXIJKyjNJ4kk58Ry93CNq LIuWJk12Hqnhdj9mfhgp8On17sOIYxXg9MFglwmgik90QKhg+gYwHRNBqNKPb7aFtLiQQ1nojBLO 2UiQpIz1sF0Y2jolYlvBFxXbbSJGgO2bWVgkd9b7FHia9OEzDTyP+G5sO3CVpNcR82O4iqa/m145M wemc0CH983QVchtGaIbMNUgWRGj6753taf3rsN41+DtnLcN3sp5y+BHOT8y+H7O9w1+kvMTgx/k/ MDg3Zx3Dd7MedPgeznfM3gn5x2D93LeM/hhzg+LHmoM0z8e4QVx9UsV2z5xOCmIlcTr1kYhWdPJW jHppu+GG6iYFPd1nUycO0IzoXfEzcQtiqShStIvwUIl2VcoeIuMOYgkbtmrupU0xoUZHf0gOoPbEt dXNeGAj23gXG+oj7mbswzfH3Rrlao+Dd/X13beZgfeInqFVtE6qqIttIOa6BidIooE+oV+oz+lj6 Vvpe+lH9dT5+eyNS/RzCj9/A8hYxxk</latexit><latexit sha1_base64="3T1cP+inlBv89W0T8 UEW6OwtC2w=">AAAF13icddRPT9swFABww+jGuj/AdtzFAk2CS5WWatAb2hBUtAUmRstESuU4r62 F8wfb2dZF0W7Trrvtun2FfZp9mzkloDQYS02f3s9+fklTOyFnUlnWv7n5Bwulh48WH5efPH32fGl 55UVXBpGgcEoDHogzh0jgzIdTxRSHs1AA8RwOPefyXeq9TyAkC/wPahJC3yMjnw0ZJUqnLryL2sAO x2zdpmO2MVhesyrVbatu1bBVqW++2dza1kGjsVlvNHC1Yk3HGsrG8WBl4a/tBjTywFeUEynPq1ao +jERilEOSdmOJISEXpIRnOvQJx7IfjxtO8GvdcbFw0Doj6/wNJtfETuCXIJKyjNJ4kk58Ry93CNq LIuWJk12Hqnhdj9mfhgp8On17sOIYxXg9MFglwmgik90QKhg+gYwHRNBqNKPb7aFtLiQQ1nojBLO 2UiQpIz1sF0Y2jolYlvBFxXbbSJGgO2bWVgkd9b7FHia9OEzDTyP+G5sO3CVpNcR82O4iqa/m145M wemc0CH983QVchtGaIbMNUgWRGj6753taf3rsN41+DtnLcN3sp5y+BHOT8y+H7O9w1+kvMTgx/k/ MDg3Zx3Dd7MedPgeznfM3gn5x2D93LeM/hhzg+LHmoM0z8e4QVx9UsV2z5xOCmIlcTr1kYhWdPJW jHppu+GG6iYFPd1nUycO0IzoXfEzcQtiqShStIvwUIl2VcoeIuMOYgkbtmrupU0xoUZHf0gOoPbEt dXNeGAj23gXG+oj7mbswzfH3Rrlao+Dd/X13beZgfeInqFVtE6qqIttIOa6BidIooE+oV+oz+lj6 Vvpe+lH9dT5+eyNS/RzCj9/A8hYxxk</latexit>
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<latexit sha1_base64="pzBATPt8YD5aSHQ6uUDr9/sYIEE=">AAAF93icddTdbtMwFABgb6wwy l8Hl9xYm5CGhKokVNu4m2DapnXdisbaSUupHOe0jeb8zHaAYuUleAHuELeIG27hLXgbnLZDaeZZanp0vuPfpvYSFghpWX8XFm8tVW7fWb5bvXf/wcNHtZXHHRGnnMIpjVnMzzwigAURnMpAMjhLOJDQY 9D1Lt7k3v0AXARx9E6OE+iFZBgFg4ASqVP92gt3wAlVLh/F/WamWn3VZtl7J3MTHicyxlO2M0V0sl9bs+qvtjacxga26pa1aTt2HjibjZcNbOtM3tbQrLX7K0s/XT+maQiRpIwIcW5biewpwmVAGWRVNx WQEHpBhnCuw4iEIHpqsq0MP9MZHw9irj+RxJNssYfyOLkAmVXnkiQUYhx6untI5EiULU+a7DyVg62eCqIklRDR6eyDlGF9CPnBYT/gQCUb64BQHugNYDoi+nSkPt75JeSDczEQpZVRwlgw5CSrYt1cHwa uTnHlSvgklXtI+BCwe1WFeXatf0SB5ckIPtI4DEnkK9eDyyx/DoNIwWU6+V11z7kamNSADm+q0KOQ/8MQvQDTGGQ2iNH1une053vXodox+GHBDw3eLHjT4McFPzb4XsH3DH5S8BODHxT8wOCdgncMvl/ wfYPvFnzX4K2CtwzeLXjX4EcFPyp7ojHJ/3iElcTXL5VyI+IxUhIrU+vW81LS0UmnnPTzd8OPpSLleX1vJt41oTOh18SfiV8WQROZ5V88SKQIPkPJm2TEgGeq6a7qpeQxLlW0ksk1dzXE9CnHDHDbBcb0 hPqau7rL8M1Bx6nbVt1+21jbfj278JbRU7SK1pGNNtE22kdtdIoo+oJ+od/oT2Vc+Vr5Vvk+LV1cmPV5guZa5cc/EL0qIQ==</latexit><latexit sha1_base64="pzBATPt8YD5aSHQ6uUDr9/sYIEE=">AAAF93icddTdbtMwFABgb6wwy l8Hl9xYm5CGhKokVNu4m2DapnXdisbaSUupHOe0jeb8zHaAYuUleAHuELeIG27hLXgbnLZDaeZZanp0vuPfpvYSFghpWX8XFm8tVW7fWb5bvXf/wcNHtZXHHRGnnMIpjVnMzzwigAURnMpAMjhLOJDQY 9D1Lt7k3v0AXARx9E6OE+iFZBgFg4ASqVP92gt3wAlVLh/F/WamWn3VZtl7J3MTHicyxlO2M0V0sl9bs+qvtjacxga26pa1aTt2HjibjZcNbOtM3tbQrLX7K0s/XT+maQiRpIwIcW5biewpwmVAGWRVNx WQEHpBhnCuw4iEIHpqsq0MP9MZHw9irj+RxJNssYfyOLkAmVXnkiQUYhx6untI5EiULU+a7DyVg62eCqIklRDR6eyDlGF9CPnBYT/gQCUb64BQHugNYDoi+nSkPt75JeSDczEQpZVRwlgw5CSrYt1cHwa uTnHlSvgklXtI+BCwe1WFeXatf0SB5ckIPtI4DEnkK9eDyyx/DoNIwWU6+V11z7kamNSADm+q0KOQ/8MQvQDTGGQ2iNH1une053vXodox+GHBDw3eLHjT4McFPzb4XsH3DH5S8BODHxT8wOCdgncMvl/ wfYPvFnzX4K2CtwzeLXjX4EcFPyp7ojHJ/3iElcTXL5VyI+IxUhIrU+vW81LS0UmnnPTzd8OPpSLleX1vJt41oTOh18SfiV8WQROZ5V88SKQIPkPJm2TEgGeq6a7qpeQxLlW0ksk1dzXE9CnHDHDbBcb0 hPqau7rL8M1Bx6nbVt1+21jbfj278JbRU7SK1pGNNtE22kdtdIoo+oJ+od/oT2Vc+Vr5Vvk+LV1cmPV5guZa5cc/EL0qIQ==</latexit><latexit sha1_base64="pzBATPt8YD5aSHQ6uUDr9/sYIEE=">AAAF93icddTdbtMwFABgb6wwy l8Hl9xYm5CGhKokVNu4m2DapnXdisbaSUupHOe0jeb8zHaAYuUleAHuELeIG27hLXgbnLZDaeZZanp0vuPfpvYSFghpWX8XFm8tVW7fWb5bvXf/wcNHtZXHHRGnnMIpjVnMzzwigAURnMpAMjhLOJDQY 9D1Lt7k3v0AXARx9E6OE+iFZBgFg4ASqVP92gt3wAlVLh/F/WamWn3VZtl7J3MTHicyxlO2M0V0sl9bs+qvtjacxga26pa1aTt2HjibjZcNbOtM3tbQrLX7K0s/XT+maQiRpIwIcW5biewpwmVAGWRVNx WQEHpBhnCuw4iEIHpqsq0MP9MZHw9irj+RxJNssYfyOLkAmVXnkiQUYhx6untI5EiULU+a7DyVg62eCqIklRDR6eyDlGF9CPnBYT/gQCUb64BQHugNYDoi+nSkPt75JeSDczEQpZVRwlgw5CSrYt1cHwa uTnHlSvgklXtI+BCwe1WFeXatf0SB5ckIPtI4DEnkK9eDyyx/DoNIwWU6+V11z7kamNSADm+q0KOQ/8MQvQDTGGQ2iNH1une053vXodox+GHBDw3eLHjT4McFPzb4XsH3DH5S8BODHxT8wOCdgncMvl/ wfYPvFnzX4K2CtwzeLXjX4EcFPyp7ojHJ/3iElcTXL5VyI+IxUhIrU+vW81LS0UmnnPTzd8OPpSLleX1vJt41oTOh18SfiV8WQROZ5V88SKQIPkPJm2TEgGeq6a7qpeQxLlW0ksk1dzXE9CnHDHDbBcb0 hPqau7rL8M1Bx6nbVt1+21jbfj278JbRU7SK1pGNNtE22kdtdIoo+oJ+od/oT2Vc+Vr5Vvk+LV1cmPV5guZa5cc/EL0qIQ==</latexit><latexit sha1_base64="pzBATPt8YD5aSHQ6uUDr9/sYIEE=">AAAF93icddTdbtMwFABgb6wwy l8Hl9xYm5CGhKokVNu4m2DapnXdisbaSUupHOe0jeb8zHaAYuUleAHuELeIG27hLXgbnLZDaeZZanp0vuPfpvYSFghpWX8XFm8tVW7fWb5bvXf/wcNHtZXHHRGnnMIpjVnMzzwigAURnMpAMjhLOJDQY 9D1Lt7k3v0AXARx9E6OE+iFZBgFg4ASqVP92gt3wAlVLh/F/WamWn3VZtl7J3MTHicyxlO2M0V0sl9bs+qvtjacxga26pa1aTt2HjibjZcNbOtM3tbQrLX7K0s/XT+maQiRpIwIcW5biewpwmVAGWRVNx WQEHpBhnCuw4iEIHpqsq0MP9MZHw9irj+RxJNssYfyOLkAmVXnkiQUYhx6untI5EiULU+a7DyVg62eCqIklRDR6eyDlGF9CPnBYT/gQCUb64BQHugNYDoi+nSkPt75JeSDczEQpZVRwlgw5CSrYt1cHwa uTnHlSvgklXtI+BCwe1WFeXatf0SB5ckIPtI4DEnkK9eDyyx/DoNIwWU6+V11z7kamNSADm+q0KOQ/8MQvQDTGGQ2iNH1une053vXodox+GHBDw3eLHjT4McFPzb4XsH3DH5S8BODHxT8wOCdgncMvl/ wfYPvFnzX4K2CtwzeLXjX4EcFPyp7ojHJ/3iElcTXL5VyI+IxUhIrU+vW81LS0UmnnPTzd8OPpSLleX1vJt41oTOh18SfiV8WQROZ5V88SKQIPkPJm2TEgGeq6a7qpeQxLlW0ksk1dzXE9CnHDHDbBcb0 hPqau7rL8M1Bx6nbVt1+21jbfj278JbRU7SK1pGNNtE22kdtdIoo+oJ+od/oT2Vc+Vr5Vvk+LV1cmPV5guZa5cc/EL0qIQ==</latexit>
⇢ 
M2Pl
/ 1
a3
<latexit sha1_base64="GO7yCLViB4BcVkSZ1+HRtGRRU7k=">AAAF+nicddTbbtMwGABgb6wwyqmDS26sTUjjpqQF7XA3wbRN6 7oVjbWT5q5yHKe15hxmO0AxeQxegDvEJdxxCw/B2+C0GUozz1LTX//3+9jUbsyZVI7zd27+1kLl9p3Fu9V79x88fFRbetyVUSIIPSERj8SpiyXlLKQniilOT2NBceBy2nMv3mTee0+FZFH4To1j2g/wMGQ+I1iZ1KD2AvkCE43EKBogMmKpbg90h6fnzRTFIopVBKcVjVT j85fpoLbi1J1Jg069uWbaugk2N9ec9Q3YyGkF5K0zWFr4gbyIJAENFeFYyrOGE6u+xkIxwmlaRYmkMSYXeEjPTBjigMq+nuwshc9MxoN+JMwnVHCSLfbQrsAXVKXVmSQOpBwHrukeYDWSZcuSNjtLlL/R1yyME0VDMp3dTzg0h5CdHfSYoETxsQkwEcxsAJIRNqejzAnP LiEbXEhfllZGMOdsKHBahaYhj/rIpIRGin5UGh1gMaQQXVVBkV7rHxLKs2RIP5AoCHDoaeTSyzR7Dlmo6WUy+WlNz5kaOqmhJrypwoyC/w+DzQJsY+B8EKubdW8bz/ZuQr1t8YOCH1i8VfCWxY8KfmTx3YLvWvy44McW3y/4vsW7Be9afK/gexbfKfiOxdsFb1u8V/Cex Q8Lflj22GCc/fEwL4lnXiqNQuxyXBIn1avO81KyaZLNctLL3g0vUhqX5/XcXNxrQnIh18TLxSuLJLFKsy/BYiXZJ1ryFh5xKlLdQstmKVkMSxXteHLNXQ0xfaoxp7CDKOdmQnPNXd1l8Oag26w3nHrj7auVrdf5hbcInoJlsAoaYB1sgT3QASeAgC/gF/gN/lQ+V75WvlW +T0vn5/I+T8BMq/z8B8MXK4s=</latexit><latexit sha1_base64="GO7yCLViB4BcVkSZ1+HRtGRRU7k=">AAAF+nicddTbbtMwGABgb6wwyqmDS26sTUjjpqQF7XA3wbRN6 7oVjbWT5q5yHKe15hxmO0AxeQxegDvEJdxxCw/B2+C0GUozz1LTX//3+9jUbsyZVI7zd27+1kLl9p3Fu9V79x88fFRbetyVUSIIPSERj8SpiyXlLKQniilOT2NBceBy2nMv3mTee0+FZFH4To1j2g/wMGQ+I1iZ1KD2AvkCE43EKBogMmKpbg90h6fnzRTFIopVBKcVjVT j85fpoLbi1J1Jg069uWbaugk2N9ec9Q3YyGkF5K0zWFr4gbyIJAENFeFYyrOGE6u+xkIxwmlaRYmkMSYXeEjPTBjigMq+nuwshc9MxoN+JMwnVHCSLfbQrsAXVKXVmSQOpBwHrukeYDWSZcuSNjtLlL/R1yyME0VDMp3dTzg0h5CdHfSYoETxsQkwEcxsAJIRNqejzAnP LiEbXEhfllZGMOdsKHBahaYhj/rIpIRGin5UGh1gMaQQXVVBkV7rHxLKs2RIP5AoCHDoaeTSyzR7Dlmo6WUy+WlNz5kaOqmhJrypwoyC/w+DzQJsY+B8EKubdW8bz/ZuQr1t8YOCH1i8VfCWxY8KfmTx3YLvWvy44McW3y/4vsW7Be9afK/gexbfKfiOxdsFb1u8V/Cex Q8Lflj22GCc/fEwL4lnXiqNQuxyXBIn1avO81KyaZLNctLL3g0vUhqX5/XcXNxrQnIh18TLxSuLJLFKsy/BYiXZJ1ryFh5xKlLdQstmKVkMSxXteHLNXQ0xfaoxp7CDKOdmQnPNXd1l8Oag26w3nHrj7auVrdf5hbcInoJlsAoaYB1sgT3QASeAgC/gF/gN/lQ+V75WvlW +T0vn5/I+T8BMq/z8B8MXK4s=</latexit><latexit sha1_base64="GO7yCLViB4BcVkSZ1+HRtGRRU7k=">AAAF+nicddTbbtMwGABgb6wwyqmDS26sTUjjpqQF7XA3wbRN6 7oVjbWT5q5yHKe15hxmO0AxeQxegDvEJdxxCw/B2+C0GUozz1LTX//3+9jUbsyZVI7zd27+1kLl9p3Fu9V79x88fFRbetyVUSIIPSERj8SpiyXlLKQniilOT2NBceBy2nMv3mTee0+FZFH4To1j2g/wMGQ+I1iZ1KD2AvkCE43EKBogMmKpbg90h6fnzRTFIopVBKcVjVT j85fpoLbi1J1Jg069uWbaugk2N9ec9Q3YyGkF5K0zWFr4gbyIJAENFeFYyrOGE6u+xkIxwmlaRYmkMSYXeEjPTBjigMq+nuwshc9MxoN+JMwnVHCSLfbQrsAXVKXVmSQOpBwHrukeYDWSZcuSNjtLlL/R1yyME0VDMp3dTzg0h5CdHfSYoETxsQkwEcxsAJIRNqejzAnP LiEbXEhfllZGMOdsKHBahaYhj/rIpIRGin5UGh1gMaQQXVVBkV7rHxLKs2RIP5AoCHDoaeTSyzR7Dlmo6WUy+WlNz5kaOqmhJrypwoyC/w+DzQJsY+B8EKubdW8bz/ZuQr1t8YOCH1i8VfCWxY8KfmTx3YLvWvy44McW3y/4vsW7Be9afK/gexbfKfiOxdsFb1u8V/Cex Q8Lflj22GCc/fEwL4lnXiqNQuxyXBIn1avO81KyaZLNctLL3g0vUhqX5/XcXNxrQnIh18TLxSuLJLFKsy/BYiXZJ1ryFh5xKlLdQstmKVkMSxXteHLNXQ0xfaoxp7CDKOdmQnPNXd1l8Oag26w3nHrj7auVrdf5hbcInoJlsAoaYB1sgT3QASeAgC/gF/gN/lQ+V75WvlW +T0vn5/I+T8BMq/z8B8MXK4s=</latexit><latexit sha1_base64="GO7yCLViB4BcVkSZ1+HRtGRRU7k=">AAAF+nicddTbbtMwGABgb6wwyqmDS26sTUjjpqQF7XA3wbRN6 7oVjbWT5q5yHKe15hxmO0AxeQxegDvEJdxxCw/B2+C0GUozz1LTX//3+9jUbsyZVI7zd27+1kLl9p3Fu9V79x88fFRbetyVUSIIPSERj8SpiyXlLKQniilOT2NBceBy2nMv3mTee0+FZFH4To1j2g/wMGQ+I1iZ1KD2AvkCE43EKBogMmKpbg90h6fnzRTFIopVBKcVjVT j85fpoLbi1J1Jg069uWbaugk2N9ec9Q3YyGkF5K0zWFr4gbyIJAENFeFYyrOGE6u+xkIxwmlaRYmkMSYXeEjPTBjigMq+nuwshc9MxoN+JMwnVHCSLfbQrsAXVKXVmSQOpBwHrukeYDWSZcuSNjtLlL/R1yyME0VDMp3dTzg0h5CdHfSYoETxsQkwEcxsAJIRNqejzAnP LiEbXEhfllZGMOdsKHBahaYhj/rIpIRGin5UGh1gMaQQXVVBkV7rHxLKs2RIP5AoCHDoaeTSyzR7Dlmo6WUy+WlNz5kaOqmhJrypwoyC/w+DzQJsY+B8EKubdW8bz/ZuQr1t8YOCH1i8VfCWxY8KfmTx3YLvWvy44McW3y/4vsW7Be9afK/gexbfKfiOxdsFb1u8V/Cex Q8Lflj22GCc/fEwL4lnXiqNQuxyXBIn1avO81KyaZLNctLL3g0vUhqX5/XcXNxrQnIh18TLxSuLJLFKsy/BYiXZJ1ryFh5xKlLdQstmKVkMSxXteHLNXQ0xfaoxp7CDKOdmQnPNXd1l8Oag26w3nHrj7auVrdf5hbcInoJlsAoaYB1sgT3QASeAgC/gF/gN/lQ+V75WvlW +T0vn5/I+T8BMq/z8B8MXK4s=</latexit>
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Figure 3. The evolution of inflaton’s Hubble induced mass.
where M∗ is the cutoff scale. We expect that Vχ ∼ M4∗ , and hence the Hubble induced mass of
the inflaton, mφ(χ), during the precedent inflation is as large as M∗. The similar is true for non-
supersymmetric theories. We expect a coupling of the form
M2∗ f(
χ
M∗
)φ2, (2.2)
where f is some function, leading to the Hubble induced mass of O(M∗). The Hubble scale Hpre is on
the other hand of O(M2∗ /MP`) . M∗. If the Hubble induced mass is positive, the inflaton is driven
toward φ = 0.
After the quantum tunneling of the singlet field χ (denoted as a0 in Figure 3), the universe is
dominated by the curvature energy density ρK and the singlet field χ is fixed by the Hubble friction.
Because the Hubble induced mass m2φ is proportional to ρχ, we have m
2
φ . H2 = ρK/3M2P` right after
the tunneling. Note that the curvature energy density alone does not give a Hubble induced mass
term.3 As the universe expands, ρK decreases and when it becomes smaller than m
2
χM
2
P` ∼ M2∗M2P`,
the singlet field χ starts to roll down to the global minimum and oscillates.4 At this point the mass
of the inflaton is as large as the Hubble scale. However, since the energy density of the singlet field
decreases as a−3, the mass of the inflaton mφ ∼ ρ1/2χ /MP` does not exceed the Hubble scale of the
expansion and hence the inflaton can be regarded as massless after the tunneling. When ρK drops
below the inflaton potential energy H2inf ∼ ρφ/M2P`, the inflation begins.
Let us discuss the evolution of the fluctuation of the inflaton based on the above observation.
Expanding the field into comoving momentum modes φ =
∫
d3k
(2pi)3
φ~ke
i~k·~x, the modes fluctuate with
decreasing amplitude as the spacetime expands. During the precedent inflation era, after a mode exit
the comoving horizon, k = aHpre, the amplitude is continually damped because of the Hubble induced
mass and eventually vanishes in the superhorizon limit aHpre  k. Hence, right after tunneling,
the superhorizon mode that has the largest amplitude is the one that exited the horizon right before
tunneling. This mode has an amplitude
δφpre ' Hpre
√
Hpre
mφ(χpre)
' M
5/2
∗
M
3/2
P`
. (2.3)
The horizon after the tunneling resides inside the horizon before the tunneling. The comoving
horizon 1/aH remains constant during curvature dominant era, and hence there is no horizon entrance
3The coupling |φ|2R , where R is the Rich scalar, gives a Hubble induced term through a potential energy of the universe.
4When ρK is larger than M
2
∗M
2
P`, the inverse of the size of the horizon exceeds the cut off scale M∗ and the validity of
the effective field theory is questionable. The discussion here is applicable even if ρK after the tunneling is as small as
M2∗M
2
P`.
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nor exit. Thus inflaton fluctuation modes inside the horizon continue to be suppressed, while the long
wavelength superhorizon modes are frozen as the inflaton is essentially massless during the curvature
dominant era. Those frozen modes effectively work as the zero mode φi which obeys a Gaussian
distribution with a zero mean and a variance (δφpre)
2. φi is nothing but the initial condition of the
new inflation.
In order to wipe out the curvature energy density and to have structures on the galaxy scale,
the inflation needs to last long enough with an anthropic bound N tote & N ante . In [15], it is found
that in order to have typical galaxies being formed, the comoving Hubble scale at the time of photon
decoupling should satisfy
adcHdc
atHt
> 30, (2.4)
where the subscript t denotes the time right after the quantum tunneling.5 With some manipulation
we have
adcHdc
aentHent
a∗H∗
aendHend
aendHend
aiHi
aiHi
atHt
> 30. (2.5)
Here aentHent denotes the coving Hubble scale of the horizon re-entrance of the CMB scale, which is
equal to that of horizon exit a∗H∗. aendHend and aiHi are the comoving Hubble scales at the end
and beginning of the inflation respectively. Because the period between the time right after quantum
tunneling and the beginning of inflation is curvature dominant, the comoving Hubble scale remains
the same, i.e. (aiHi)/(atHt)=1. We assume the Hubble scale during the inflation is nearly constant,
Hi ' H∗ ' Hend. Also, the comoving Hubble scale does not evolve much between the horizon re-
entrance of the CMB scale and the photon decoupling, so (adcHdc)/(aentHent) ' 1. Putting everything
together, we then have a constraint
N tote > N ante ' N ∗e + 3.4 , (2.6)
where N ∗e is the number of e-foldings between the end of the inflation and the horizon exits of the
CMB pivot scale.
For potentials of a new inflation type, the initial field value φi must be close to zero to have long
enough inflation. For a large enough M∗, δφpre is larger than the required initial field value and hence
some tuning of the initial field value is required. As φi obeys a Gaussian distribution, which is flat for
small φi, the probability distribution of φi in the region of interest is approximately uniform;
Pφidφi ∝ dφi. (2.7)
The anthropic constraint N tote & N ante leads to the upper bound φi < φant, where φant is the field
value of the inflaton such that the number of e-foldings after the inflaton pass the field value is N ante .
The fact that the initial condition φi has a probability distribution over a certain range instead of
having to start at φi ' 0 plays an important role to solve the η-problem in new inflation. Particularly,
as now the inflaton tends to start from an initial condition away from zero, the anthropic constraints
N tote > N ante requires the potential around the origin to be flatter. The η parameter is biased toward
smaller values after the anthropic constraint is imposed. On the contrary, for a small enough M∗ so
that φi ' 0 is forced, then the inflation can easily last longer than N ante e-folds and the anthropic
constraints on N tote plays no significant role. We will see this point quantitatively in the following.
2.2 A Supersymmetric New Inflation Model
In the appendix we study a new inflation model with Z2 symmetry, assuming that the parameters
of the potential are uniformly distributed. We find that the resultant Pζ is strongly biased toward
a large value, and the observed one is probabilistically disfavored. Here we in stead investigate a
supersymmetric model where it is sensible that the parameters of the model, including the scale of
5The effect of spatial curvature on structure formation is also discussed in [41].
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the inflation, obey distributions different from uniform ones. We expect that for certain distributions
of the parameters, Pζ is biased toward small ones. In particular, we consider an R-symmetric single
field new inflation model [42–44] with a discrete R-symmetry Z2N is present and the superpotential
W = v2Φ− g
N + 1
ΦN+1, (2.8)
where Φ is a chiral superfield while v and g are constants. Here and here after, we work in the unit
where the reduced Planck scale is unity. The Ka¨hler potential is
K = Φ†Φ +
1
4
k(Φ†Φ)2 · · · , (2.9)
where the ellipses denote higher order terms that are irrelevant to the inflationary dynamics. From
Eqs.(2.8) and (2.9), the potential of the scalar component of Φ which we call ϕ is given by
V (ϕ) = |v2 − gϕN |2 − kv4|ϕ|2 + · · ·
= v4 − kv4|ϕ|2 − (gv2ϕN + h.c.)+ · · · . (2.10)
In terms of the radial and angular components, ϕ = φ√
2
eiθ, the potential can be rewritten as
V = v4 − 1
2
kv4φ2 − g
2
N−2
2
v2φN cos(Nθ). (2.11)
For simplicity we assume that the inflaton has an initial condition around θ = 0 mod 2pi/N
(which are minima along the angular direction) and focus only on the radial direction.
In the appendix we study general new-inflation-type models with Z2 symmetry. Here the resulting
potential has the form of Eq.(B.2) without the cm perturbation term. Using Eqs.(B.9) and (B.10)
with a = v4, b = kv4, cn = gv
2/2(N−2)/2 and cm = 0, we have
ns ' 1− 2k − 2N(N − 1)kf∗N , (2.12)
Pζ =
[
g2v4(N−3)k−2(N−1)f∗N
−2
] 1
N−2
24pi2 (1 +Nf∗N)
2 , (2.13)
where
fN ≡ fN(k,Ne) = 1
N
1(
[1 + (N − 1)k] e(N−2)kNe − 1) (2.14)
and f∗N = fN(k,N ∗e ) in which N ∗e is the number of e-folds between the horizon-exit of the CMB scale
and the end of inflation.
The spectral index ns, as given in Eq.(2.12), is a function of the parameter k, and the number
of e-folds N ∗e between the horizon exit of the CMB scale and the end of inflation. Assuming instant
reheating, this is determined by the inflation energy scale,
N ∗e ' 62 + ln
(
v
MP`
)
. (2.15)
Using Eq.(2.13) with k = 0.01 and the observed Pζ to get an estimate on v, we have N ∗e ' 52. Setting
N ∗e = 52, we plot the spectral index ns as a function of k in Figure 4. One can see that N = 4 and
5 are ruled out by the observation, while N = 6 fits the observation very well in a certain region of
k. Even if we relax the assumption of instant reheating, such that N ∗e < 52, the maximum ns(k) of
N = 6 case lies in the observational allowed region unless the reheating temperature is very small. In
below we frequently use N = 6, i.e. the model with discrete Z12 R-symmetry, as a reference point.
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Figure 4. The ns − k plot for N = 4, 5, 6, 7 and 8, with N ∗e = 52.
2.3 Probability Distribution of the Observables
A natural question now arises: what is the probability for k to lie in the region that yields observation-
ally allowed ns? From Figure 4 we see that the observed ns requires k to be of the order of 0.01, while
in general k would be much larger. Note that the slow-roll parameter η is related to k by η = −k.
Therefore, making the observed spectral index ns ∼ 0.96 probabilistically favorable is equivalent to
solving the η-problem, and this requires a probability distribution that biases toward small k.
To investigate the probability distribution function of the observables, we need to first make
assumptions on the probability distribution of the Lagrangian parameters. As k is a coupling in the
Ka¨hler potential, it would be natural that k obeys a uniform probability distribution P(k)dk ∝ dk.
The parameters v2 and g are superpotential couplings and may obey distributions different from
uniform ones. Furthermore, those parameters are related with the vacuum expectation value (vev) of
the superpotential W0 ≡ 〈W 〉 ∼ v2(1+1/N)g−1/N , which is related with the electroweak scale and the
cosmological constant. Let us start from the distribution of v2, g, the supersymmetry breaking scale
F and the µ term of the electroweak Higgs,
dv2v2p
′ × dggq′ × dFF r × dµµs. (2.16)
If a parameter is given by a dimensional transmutation, the index (p′, q′, r, s) of the distribution is −1,
while it is 1 if the parameter is a complex parameter biased toward a large value. The electroweak
scale v2EW is given by
v2EW ' F 2/M2med − µ2, (2.17)
where Mmed is the mediation scale of the supersymmetry breaking. We assume that the electroweak
scale must be in a certain range close to the observed one6 as is argued in [45, 46],
cv2EW,obs < v
2
EW < c
′v2EW,obs, (2.18)
where c and c′ are constants which we do not have to specify. The scanning over the µ parameter
yields ∫
cv2EW,obs<v
2
EW<c
′v2EW,obs
dµµs ' v2EW,obs
(
F
Mmed
)s−1
∝ F s−1, (2.19)
6This assumption is not crucial for our discussion. Without the anthropic constraint on the electroweak scale, the
distribution is given by Eq.(2.22) with s = 1.
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where we have used F/Mmed ' µ  vEW,obs as is suggested by the non-discovery of supersymmetric
particles so far. The cosmological constant is given by
ρΛ = F
2 − 3W 20M2P`, (2.20)
where W0 is the vev of the superpotential. A change of variables gives gives∫
dFF r+s−1 ∝W r+s−20 dρΛ. (2.21)
Here we have used F 2 ' 3W 20M2P`  ρΛ. We omit the measure dρΛ, which leads to the uniform
distribution of the cosmological constant, in the following. Using the relation W0 ∼ v2(1+1/N)g−1/N ,
the distribution of v2 and g are given by
dv2v2p × dggq, p = p′ + (1 + 1
N
)(r + s− 2), q = q′ − 1
N
(r + s− 2). (2.22)
For −1 ≤ p′, q′, r, s ≤ 1, a wide range of (p, q) can be obtained.
Putting everything together, the probability distribution of the parameters to start with is∫
dφi dk dg dv
2 gq v2p. (2.23)
The distribution of the initial condition φi is uniform as discussed in Sec.2.1. If the anthropic bound
φant is smaller than the amplitude of quantum fluctuation δφpre given by Eq.(2.3), then the integration
of dφi ranges from 0 to φant. On the other hand, if φant > δφpre, the integration of dφi is capped by
δφpre and the anthropic constraint is no longer effective. In other words, integrating out dφi yields∫
dk dg dv2 gq v2pφbound, φbound ≡ min[φant, δφpre]. (2.24)
Using Eqs.(B.6), (B.11) and (2.13), the field value φant is given by
φant =
√
2 g−
1
N−3k
2
N−3 f∗N
1
(N−3)(N−2)
[
24pi2 (1 +Nf∗N)
2
] 1
2(N−3)
fantN
1
N−2P
1
2(N−3)
ζ
=
√
2g−
1
N−3 fantN
1
N−2k
1
N−2h
1
(N−3)(N−2)P
1
2(N−3)
ζ , (2.25)
where we have defined
h(k) ≡ kN−1f∗N
[
24pi2(1 +Nf∗N)
2
]N−2
2 (2.26)
for future convenience. It is instructive to understand the behavior of h(k) and the contribution of φant,
if φant < δφpre, to the final probability distribution of k which we plot in Figure 5. Most importantly,
we can see that φant gives a bias toward small k, which is the key of solving the η-problem and making
observed spectral index ns probabilistically favorable.
Using the relation between v2 and Pζ derived from Eq.(2.13),
v2 = g−
1
N−3h
1
N−3P
N−2
2(N−3)
ζ , (2.27)
we can perform a change of variable to obtain the probability distribution in terms of cosmic pertur-
bation Pζ . For the parameter region where φant < δφpre, we have∫
dk dg dv2 gq v2pφant (2.28)
=
(N − 2)√
2(N − 3)
∫
dk
dPζ
Pζ
dg g
q(N−3)−p−2
N−3 h
(p+1)
(N−3)P
(N−2)(p+1)
2(N−3)
ζ
[(
kfantN
) 1
N−2 h
1
(N−3)(N−2)P
1
2(N−3)
ζ
]
, (2.29)
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Figure 5. The function h(k) (left) and the contribution of φant to the probability distribution of k (right). We
take N = 6 and N ∗e = 52.
where we have left the contribution from φant to k- and Pζ-distribution in the square brackets for
future convenience. We now need to integrate out g to obtain the final probability distribution. When
q(N − 3)− p+N − 5 6= 0, the integration yields
(N − 2)√
2 [q(N − 3)− p+N − 5]
∫
dk
dPζ
Pζ
[
g
q(N−3)−p+N−5
(N−3)
]gmax
gmin
h
(p+1)
(N−3)P
(N−2)(p+1)
2(N−3)
ζ
[
· · ·
]
(2.30)
where the ellipses in the square brackets represent the contribution from φant as in Eq.(2.29). The
lower cutoff of the integral gmin is given by Eq.(2.27) with the natural requirement v
2 ≤M2∗ , i.e. the
energy scale v should not be larger than the cut off scale. Particularly, we have
gmin = hP
N−2
2
ζ M
−(N−3)
∗  1. (2.31)
On the other hand, gmax is determined by the cutoff scale M∗. After restoring MP` and M∗ to the
superpotential, we have
W ⊃ − 1
N + 1
g
MN−2P`
ΦN+1 ≡ − 1
N + 1
cg
MN−2∗
ΦN+1. (2.32)
Assuming the dimensionless coupling cg is bounded by unity, the coupling g is bounded by
g < gmax =
(
MP`
M∗
)N−2
. (2.33)
Therefore, if q(N − 3) − p + N − 5 > 0, the g−integration merely gives a proportional constant and
does not affect the probability distribution of k and Pζ . We therefore have
Pinf(k, Pζ)dk dPζ = PkPPζdk dPζ = PkPζPPζdk dlnPζ (2.34)
where Pinf is the probability distribution from inflationary dynamics with
Pk ∝ h
(p+1)
(N−3)
[(
kf60N
) 1
N−2 h
1
(N−3)(N−2)
]
, (2.35)
PζPPζ ∝ P
(N−2)(p+1)
2(N−3)
ζ P
1
2(N−3)
ζ . (2.36)
The quantity PζPPζ can be understood as the relative probability to obtain the curvature perturbation
of O(Pζ). When q(N − 3)− p+N − 5 = 0, Eq.(2.30) does not apply and the integration over g yields
a logarithmic contribution ln(gmin) instead. This logarithmic contribution changes the probability
distribution of k and Pζ only slightly, and we may use Eqs.(2.35) and (2.36) as a good approximation.
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<latexit sha1_base64="sq4 8lAHOgr3tMQYzIaKhHZx2TcU=">AAAF1nicddTNb9MwFABwb6w wytcGRy7WJqRxmdIJCY4TTNu0tlvRWDtpqaoX57W16nzMdoASh Rviyo0r/A38Nfw3OG02pamx1PTp/fzx6jr2YsGVdpy/K6t31mp 3763frz94+Ojxk43Np10VJZLhBYtEJC89UCh4iBeaa4GXsUQIP IE9b/Iu995HlIpH4Qc9jbEfwCjkQ85Am1TfDUCPGYi0kw0mg41 tZ9eZNbocNIpgmxStM9hc++P6EUsCDDUToNRVw4l1PwWpOROY1 d1EYQxsAiO8MmEIAap+Oqs6oy9MxqfDSJpPqOksWx6RehImqLP 6QhICpaaBZ4bnpauq5UmbXSV6+Kaf8jBONIZsvvowEVRHNN8X6 nOJTIupCYBJbn4AZWOQwLTZvcUS8smlGqpKZWYbBR9JyOrUNNf HoWtSMnU1ftap2wI5Qure9KIyWxofMhR5MsRPLAoCCP3U9fA6y 58jHqZ4ncz+NjNyoQ/O+qAJ/9fDzAK304ApwDYHFJNY3dR9YPz mvBxYvFXylsWbJW9a/KzkZxY/KvmRxc9Lfm7xk5KfWLxb8q7Fj 0t+bPHDkh9avF3ytsV7Je9Z/LTkp1WPDcb5iweiIr45VKkbgie gIk6W7jgvK8k9k9yrJv38bPiRTqG6ru8V4i0JK4QtiV+IXxXFY p3lX5LHWvEvWPEmjAXKLG26W6aUPKaVHm2zEe3B7RTzp54KpB0 XhTALmmuuUb3UloPu3m7D2W28f7W9/7a48NbJc7JFdkiDvCb75 Jh0yAVh5Jr8JL/I79pl7WvtW+37vOvqSjHmGVlotR//AG/0HG8 =</latexit><latexit sha1_base64="sq4 8lAHOgr3tMQYzIaKhHZx2TcU=">AAAF1nicddTNb9MwFABwb6w wytcGRy7WJqRxmdIJCY4TTNu0tlvRWDtpqaoX57W16nzMdoASh Rviyo0r/A38Nfw3OG02pamx1PTp/fzx6jr2YsGVdpy/K6t31mp 3763frz94+Ojxk43Np10VJZLhBYtEJC89UCh4iBeaa4GXsUQIP IE9b/Iu995HlIpH4Qc9jbEfwCjkQ85Am1TfDUCPGYi0kw0mg41 tZ9eZNbocNIpgmxStM9hc++P6EUsCDDUToNRVw4l1PwWpOROY1 d1EYQxsAiO8MmEIAap+Oqs6oy9MxqfDSJpPqOksWx6RehImqLP 6QhICpaaBZ4bnpauq5UmbXSV6+Kaf8jBONIZsvvowEVRHNN8X6 nOJTIupCYBJbn4AZWOQwLTZvcUS8smlGqpKZWYbBR9JyOrUNNf HoWtSMnU1ftap2wI5Qure9KIyWxofMhR5MsRPLAoCCP3U9fA6y 58jHqZ4ncz+NjNyoQ/O+qAJ/9fDzAK304ApwDYHFJNY3dR9YPz mvBxYvFXylsWbJW9a/KzkZxY/KvmRxc9Lfm7xk5KfWLxb8q7Fj 0t+bPHDkh9avF3ytsV7Je9Z/LTkp1WPDcb5iweiIr45VKkbgie gIk6W7jgvK8k9k9yrJv38bPiRTqG6ru8V4i0JK4QtiV+IXxXFY p3lX5LHWvEvWPEmjAXKLG26W6aUPKaVHm2zEe3B7RTzp54KpB0 XhTALmmuuUb3UloPu3m7D2W28f7W9/7a48NbJc7JFdkiDvCb75 Jh0yAVh5Jr8JL/I79pl7WvtW+37vOvqSjHmGVlotR//AG/0HG8 =</latexit><latexit sha1_base64="sq4 8lAHOgr3tMQYzIaKhHZx2TcU=">AAAF1nicddTNb9MwFABwb6w wytcGRy7WJqRxmdIJCY4TTNu0tlvRWDtpqaoX57W16nzMdoASh Rviyo0r/A38Nfw3OG02pamx1PTp/fzx6jr2YsGVdpy/K6t31mp 3763frz94+Ojxk43Np10VJZLhBYtEJC89UCh4iBeaa4GXsUQIP IE9b/Iu995HlIpH4Qc9jbEfwCjkQ85Am1TfDUCPGYi0kw0mg41 tZ9eZNbocNIpgmxStM9hc++P6EUsCDDUToNRVw4l1PwWpOROY1 d1EYQxsAiO8MmEIAap+Oqs6oy9MxqfDSJpPqOksWx6RehImqLP 6QhICpaaBZ4bnpauq5UmbXSV6+Kaf8jBONIZsvvowEVRHNN8X6 nOJTIupCYBJbn4AZWOQwLTZvcUS8smlGqpKZWYbBR9JyOrUNNf HoWtSMnU1ftap2wI5Qure9KIyWxofMhR5MsRPLAoCCP3U9fA6y 58jHqZ4ncz+NjNyoQ/O+qAJ/9fDzAK304ApwDYHFJNY3dR9YPz mvBxYvFXylsWbJW9a/KzkZxY/KvmRxc9Lfm7xk5KfWLxb8q7Fj 0t+bPHDkh9avF3ytsV7Je9Z/LTkp1WPDcb5iweiIr45VKkbgie gIk6W7jgvK8k9k9yrJv38bPiRTqG6ru8V4i0JK4QtiV+IXxXFY p3lX5LHWvEvWPEmjAXKLG26W6aUPKaVHm2zEe3B7RTzp54KpB0 XhTALmmuuUb3UloPu3m7D2W28f7W9/7a48NbJc7JFdkiDvCb75 Jh0yAVh5Jr8JL/I79pl7WvtW+37vOvqSjHmGVlotR//AG/0HG8 =</latexit><latexit sha1_base64="sq4 8lAHOgr3tMQYzIaKhHZx2TcU=">AAAF1nicddTNb9MwFABwb6w wytcGRy7WJqRxmdIJCY4TTNu0tlvRWDtpqaoX57W16nzMdoASh Rviyo0r/A38Nfw3OG02pamx1PTp/fzx6jr2YsGVdpy/K6t31mp 3763frz94+Ojxk43Np10VJZLhBYtEJC89UCh4iBeaa4GXsUQIP IE9b/Iu995HlIpH4Qc9jbEfwCjkQ85Am1TfDUCPGYi0kw0mg41 tZ9eZNbocNIpgmxStM9hc++P6EUsCDDUToNRVw4l1PwWpOROY1 d1EYQxsAiO8MmEIAap+Oqs6oy9MxqfDSJpPqOksWx6RehImqLP 6QhICpaaBZ4bnpauq5UmbXSV6+Kaf8jBONIZsvvowEVRHNN8X6 nOJTIupCYBJbn4AZWOQwLTZvcUS8smlGqpKZWYbBR9JyOrUNNf HoWtSMnU1ftap2wI5Qure9KIyWxofMhR5MsRPLAoCCP3U9fA6y 58jHqZ4ncz+NjNyoQ/O+qAJ/9fDzAK304ApwDYHFJNY3dR9YPz mvBxYvFXylsWbJW9a/KzkZxY/KvmRxc9Lfm7xk5KfWLxb8q7Fj 0t+bPHDkh9avF3ytsV7Je9Z/LTkp1WPDcb5iweiIr45VKkbgie gIk6W7jgvK8k9k9yrJv38bPiRTqG6ru8V4i0JK4QtiV+IXxXFY p3lX5LHWvEvWPEmjAXKLG26W6aUPKaVHm2zEe3B7RTzp54KpB0 XhTALmmuuUb3UloPu3m7D2W28f7W9/7a48NbJc7JFdkiDvCb75 Jh0yAVh5Jr8JL/I79pl7WvtW+37vOvqSjHmGVlotR//AG/0HG8 =</latexit>
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<latexit sha1_base64="sH5BjQI8O4d6nmcSJ7q9g/YyM4o=">AAAF0HicddRPb9MwFABwb6wwyr8NjlyiVUjjMqXTJDhOMG3T um6F0XbSUlUvzmtn1XEy24F1UYS4cuMKH4NPw7fB6cKUpsZS06f3s59f0tR+zJnSrvtnafneSu3+g9WH9UePnzx9trb+vKeiRFLs0ohH8twHhZwJ7GqmOZ7HEiH0Ofb9yfvc+59RKhaJT3oa4yCEsWAjRkGbVL8z9G5Qw3Ct4W65s+EsBs0iaJBidIbrK7+9IKJJiEJT DkpdNN1YD1KQmlGOWd1LFMZAJzDGCxMKCFEN0lm/mfPKZAJnFEnzEdqZZcsrUl/CBHVWn0tCqNQ09M3yEPSlqlqetNlFokdvBykTcaJR0NvdRwl3dOTkT8QJmESq+dQEQCUzN+DQS5BAtXlu8y3kxaUaqUpnFDhnYwlZ3THDC3DkmZRMPY3XOvWOQY7R8f7NcmS2sF5Q 5HlS4BcahSGIIPV8vMry65iJFK+S2Q9mVs7NwdkcNOH/ZpgqcFcGTAO2GlAUsbrpe894fu8mTPcsflzyY4u3St6y+GnJTy1+UPIDi5+V/MziRyU/sniv5D2LH5b80OL7Jd+3eLvkbYv3S963+EnJT6oeG4zzPx7wigTmpUo9AT6HirhZuum+riS3TXK7mgzydyOIdArV fQO/EH9BaCF0QYJCgqooGuss/5Is1ordYMVbcMlRZmnL2zCt5LFTmdE2D6I9vCtxe9VTjk7HQ87NhuaYa1YPtcWgt73VdLeaH3Yau++KA2+VvCQbZJM0yRuySw5Jh3QJJRPyg/wkv2ofa9e1r7Vvt1OXl4o1L8jcqH3/C7LhGao=</latexit><latexit sha1_base64="sH5BjQI8O4d6nmcSJ7q9g/YyM4o=">AAAF0HicddRPb9MwFABwb6wwyr8NjlyiVUjjMqXTJDhOMG3T um6F0XbSUlUvzmtn1XEy24F1UYS4cuMKH4NPw7fB6cKUpsZS06f3s59f0tR+zJnSrvtnafneSu3+g9WH9UePnzx9trb+vKeiRFLs0ohH8twHhZwJ7GqmOZ7HEiH0Ofb9yfvc+59RKhaJT3oa4yCEsWAjRkGbVL8z9G5Qw3Ct4W65s+EsBs0iaJBidIbrK7+9IKJJiEJT DkpdNN1YD1KQmlGOWd1LFMZAJzDGCxMKCFEN0lm/mfPKZAJnFEnzEdqZZcsrUl/CBHVWn0tCqNQ09M3yEPSlqlqetNlFokdvBykTcaJR0NvdRwl3dOTkT8QJmESq+dQEQCUzN+DQS5BAtXlu8y3kxaUaqUpnFDhnYwlZ3THDC3DkmZRMPY3XOvWOQY7R8f7NcmS2sF5Q 5HlS4BcahSGIIPV8vMry65iJFK+S2Q9mVs7NwdkcNOH/ZpgqcFcGTAO2GlAUsbrpe894fu8mTPcsflzyY4u3St6y+GnJTy1+UPIDi5+V/MziRyU/sniv5D2LH5b80OL7Jd+3eLvkbYv3S963+EnJT6oeG4zzPx7wigTmpUo9AT6HirhZuum+riS3TXK7mgzydyOIdArV fQO/EH9BaCF0QYJCgqooGuss/5Is1ordYMVbcMlRZmnL2zCt5LFTmdE2D6I9vCtxe9VTjk7HQ87NhuaYa1YPtcWgt73VdLeaH3Yau++KA2+VvCQbZJM0yRuySw5Jh3QJJRPyg/wkv2ofa9e1r7Vvt1OXl4o1L8jcqH3/C7LhGao=</latexit><latexit sha1_base64="sH5BjQI8O4d6nmcSJ7q9g/YyM4o=">AAAF0HicddRPb9MwFABwb6wwyr8NjlyiVUjjMqXTJDhOMG3T um6F0XbSUlUvzmtn1XEy24F1UYS4cuMKH4NPw7fB6cKUpsZS06f3s59f0tR+zJnSrvtnafneSu3+g9WH9UePnzx9trb+vKeiRFLs0ohH8twHhZwJ7GqmOZ7HEiH0Ofb9yfvc+59RKhaJT3oa4yCEsWAjRkGbVL8z9G5Qw3Ct4W65s+EsBs0iaJBidIbrK7+9IKJJiEJT DkpdNN1YD1KQmlGOWd1LFMZAJzDGCxMKCFEN0lm/mfPKZAJnFEnzEdqZZcsrUl/CBHVWn0tCqNQ09M3yEPSlqlqetNlFokdvBykTcaJR0NvdRwl3dOTkT8QJmESq+dQEQCUzN+DQS5BAtXlu8y3kxaUaqUpnFDhnYwlZ3THDC3DkmZRMPY3XOvWOQY7R8f7NcmS2sF5Q 5HlS4BcahSGIIPV8vMry65iJFK+S2Q9mVs7NwdkcNOH/ZpgqcFcGTAO2GlAUsbrpe894fu8mTPcsflzyY4u3St6y+GnJTy1+UPIDi5+V/MziRyU/sniv5D2LH5b80OL7Jd+3eLvkbYv3S963+EnJT6oeG4zzPx7wigTmpUo9AT6HirhZuum+riS3TXK7mgzydyOIdArV fQO/EH9BaCF0QYJCgqooGuss/5Is1ordYMVbcMlRZmnL2zCt5LFTmdE2D6I9vCtxe9VTjk7HQ87NhuaYa1YPtcWgt73VdLeaH3Yau++KA2+VvCQbZJM0yRuySw5Jh3QJJRPyg/wkv2ofa9e1r7Vvt1OXl4o1L8jcqH3/C7LhGao=</latexit><latexit sha1_base64="sH5BjQI8O4d6nmcSJ7q9g/YyM4o=">AAAF0HicddRPb9MwFABwb6wwyr8NjlyiVUjjMqXTJDhOMG3T um6F0XbSUlUvzmtn1XEy24F1UYS4cuMKH4NPw7fB6cKUpsZS06f3s59f0tR+zJnSrvtnafneSu3+g9WH9UePnzx9trb+vKeiRFLs0ohH8twHhZwJ7GqmOZ7HEiH0Ofb9yfvc+59RKhaJT3oa4yCEsWAjRkGbVL8z9G5Qw3Ct4W65s+EsBs0iaJBidIbrK7+9IKJJiEJT DkpdNN1YD1KQmlGOWd1LFMZAJzDGCxMKCFEN0lm/mfPKZAJnFEnzEdqZZcsrUl/CBHVWn0tCqNQ09M3yEPSlqlqetNlFokdvBykTcaJR0NvdRwl3dOTkT8QJmESq+dQEQCUzN+DQS5BAtXlu8y3kxaUaqUpnFDhnYwlZ3THDC3DkmZRMPY3XOvWOQY7R8f7NcmS2sF5Q 5HlS4BcahSGIIPV8vMry65iJFK+S2Q9mVs7NwdkcNOH/ZpgqcFcGTAO2GlAUsbrpe894fu8mTPcsflzyY4u3St6y+GnJTy1+UPIDi5+V/MziRyU/sniv5D2LH5b80OL7Jd+3eLvkbYv3S963+EnJT6oeG4zzPx7wigTmpUo9AT6HirhZuum+riS3TXK7mgzydyOIdArV fQO/EH9BaCF0QYJCgqooGuss/5Is1ordYMVbcMlRZmnL2zCt5LFTmdE2D6I9vCtxe9VTjk7HQ87NhuaYa1YPtcWgt73VdLeaH3Yau++KA2+VvCQbZJM0yRuySw5Jh3QJJRPyg/wkv2ofa9e1r7Vvt1OXl4o1L8jcqH3/C7LhGao=</latexit>
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P
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⇣
<latexit sha1_base64="flfgOT4760t8n4Rkp3/4dsLgtF0=">AAAF13icddTNT9swFABww+jGug9gO+5igSaxw7qk7fi4oQ0BohQ6MVomUirHeS0Wzge2s61E0W7T rrvtuv0L+2v238wpBaXBWGr69H7280ua2o04k8qy/k1N35sp3X8w+7D86PGTp3PzC8/aMowFhSMa8lAcu0QCZwEcKaY4HEcCiO9y6Ljn7zPvfAYhWRh8VMMIuj4ZBKzPKFE6ddrqOZegyGnyuvqmlvbml6zK2rpdr61gq1Jdr6/W3urAXrFqdRvbFWs0ltB4tHoLM38dL6SxD4GinEh5YluR6iZEKEY5pGUnlhARek4GcKLDgPggu8mo7RS/1BkP 90OhP4HCo2x+ReIKcg4qLU8kiS/l0Hf1cp+oM1m0LGmyk1j117oJC6JYQUCvdu/HHKsQZw8Ge0wAVXyoA0IF0zeA6RkRhCr9+CZbyIoL2ZeFzijhnA0ESctYD8eDvqNTInEUfFWJs0fEALBzPQuL9Nb6gALPkgF8oaHvk8BLHBcu0uw6YEECF/Hod9MrJ+bAaA7o8K4Zugq5KUN0A6YaZFzE6LrvTe3Zvesw2TT4Xs73DN7IecPgBzk/MPh2zrc NfpjzQ4Pv5nzX4O2ctw2+k/Mdg2/lfMvgzZw3Dd7Jecfg+znfL3qkMcr+eIQXxNMvVeIExOWkIFaaLFuvCsmqTlaLSS97N7xQJaS4r+eOxb0ldCz0lnhj8YoiaaTS7EuwSEl2CQVvkDMOIk0azqJuJYtxYUZTP4hm76bE1VUNOeCWA5zrDfUxd32W4buDdrVi67PvQ31p4934wJtFL9AiWkY2WkUbaAe10BGiSKBf6Df6U/pU+lb6XvpxNXV6arz mOZoYpZ//AckoHFM=</latexit><latexit sha1_base64="flfgOT4760t8n4Rkp3/4dsLgtF0=">AAAF13icddTNT9swFABww+jGug9gO+5igSaxw7qk7fi4oQ0BohQ6MVomUirHeS0Wzge2s61E0W7T rrvtuv0L+2v238wpBaXBWGr69H7280ua2o04k8qy/k1N35sp3X8w+7D86PGTp3PzC8/aMowFhSMa8lAcu0QCZwEcKaY4HEcCiO9y6Ljn7zPvfAYhWRh8VMMIuj4ZBKzPKFE6ddrqOZegyGnyuvqmlvbml6zK2rpdr61gq1Jdr6/W3urAXrFqdRvbFWs0ltB4tHoLM38dL6SxD4GinEh5YluR6iZEKEY5pGUnlhARek4GcKLDgPggu8mo7RS/1BkP 90OhP4HCo2x+ReIKcg4qLU8kiS/l0Hf1cp+oM1m0LGmyk1j117oJC6JYQUCvdu/HHKsQZw8Ge0wAVXyoA0IF0zeA6RkRhCr9+CZbyIoL2ZeFzijhnA0ESctYD8eDvqNTInEUfFWJs0fEALBzPQuL9Nb6gALPkgF8oaHvk8BLHBcu0uw6YEECF/Hod9MrJ+bAaA7o8K4Zugq5KUN0A6YaZFzE6LrvTe3Zvesw2TT4Xs73DN7IecPgBzk/MPh2zrc NfpjzQ4Pv5nzX4O2ctw2+k/Mdg2/lfMvgzZw3Dd7Jecfg+znfL3qkMcr+eIQXxNMvVeIExOWkIFaaLFuvCsmqTlaLSS97N7xQJaS4r+eOxb0ldCz0lnhj8YoiaaTS7EuwSEl2CQVvkDMOIk0azqJuJYtxYUZTP4hm76bE1VUNOeCWA5zrDfUxd32W4buDdrVi67PvQ31p4934wJtFL9AiWkY2WkUbaAe10BGiSKBf6Df6U/pU+lb6XvpxNXV6arz mOZoYpZ//AckoHFM=</latexit><latexit sha1_base64="flfgOT4760t8n4Rkp3/4dsLgtF0=">AAAF13icddTNT9swFABww+jGug9gO+5igSaxw7qk7fi4oQ0BohQ6MVomUirHeS0Wzge2s61E0W7T rrvtuv0L+2v238wpBaXBWGr69H7280ua2o04k8qy/k1N35sp3X8w+7D86PGTp3PzC8/aMowFhSMa8lAcu0QCZwEcKaY4HEcCiO9y6Ljn7zPvfAYhWRh8VMMIuj4ZBKzPKFE6ddrqOZegyGnyuvqmlvbml6zK2rpdr61gq1Jdr6/W3urAXrFqdRvbFWs0ltB4tHoLM38dL6SxD4GinEh5YluR6iZEKEY5pGUnlhARek4GcKLDgPggu8mo7RS/1BkP 90OhP4HCo2x+ReIKcg4qLU8kiS/l0Hf1cp+oM1m0LGmyk1j117oJC6JYQUCvdu/HHKsQZw8Ge0wAVXyoA0IF0zeA6RkRhCr9+CZbyIoL2ZeFzijhnA0ESctYD8eDvqNTInEUfFWJs0fEALBzPQuL9Nb6gALPkgF8oaHvk8BLHBcu0uw6YEECF/Hod9MrJ+bAaA7o8K4Zugq5KUN0A6YaZFzE6LrvTe3Zvesw2TT4Xs73DN7IecPgBzk/MPh2zrc NfpjzQ4Pv5nzX4O2ctw2+k/Mdg2/lfMvgzZw3Dd7Jecfg+znfL3qkMcr+eIQXxNMvVeIExOWkIFaaLFuvCsmqTlaLSS97N7xQJaS4r+eOxb0ldCz0lnhj8YoiaaTS7EuwSEl2CQVvkDMOIk0azqJuJYtxYUZTP4hm76bE1VUNOeCWA5zrDfUxd32W4buDdrVi67PvQ31p4934wJtFL9AiWkY2WkUbaAe10BGiSKBf6Df6U/pU+lb6XvpxNXV6arz mOZoYpZ//AckoHFM=</latexit><latexit sha1_base64="flfgOT4760t8n4Rkp3/4dsLgtF0=">AAAF13icddTNT9swFABww+jGug9gO+5igSaxw7qk7fi4oQ0BohQ6MVomUirHeS0Wzge2s61E0W7T rrvtuv0L+2v238wpBaXBWGr69H7280ua2o04k8qy/k1N35sp3X8w+7D86PGTp3PzC8/aMowFhSMa8lAcu0QCZwEcKaY4HEcCiO9y6Ljn7zPvfAYhWRh8VMMIuj4ZBKzPKFE6ddrqOZegyGnyuvqmlvbml6zK2rpdr61gq1Jdr6/W3urAXrFqdRvbFWs0ltB4tHoLM38dL6SxD4GinEh5YluR6iZEKEY5pGUnlhARek4GcKLDgPggu8mo7RS/1BkP 90OhP4HCo2x+ReIKcg4qLU8kiS/l0Hf1cp+oM1m0LGmyk1j117oJC6JYQUCvdu/HHKsQZw8Ge0wAVXyoA0IF0zeA6RkRhCr9+CZbyIoL2ZeFzijhnA0ESctYD8eDvqNTInEUfFWJs0fEALBzPQuL9Nb6gALPkgF8oaHvk8BLHBcu0uw6YEECF/Hod9MrJ+bAaA7o8K4Zugq5KUN0A6YaZFzE6LrvTe3Zvesw2TT4Xs73DN7IecPgBzk/MPh2zrc NfpjzQ4Pv5nzX4O2ctw2+k/Mdg2/lfMvgzZw3Dd7Jecfg+znfL3qkMcr+eIQXxNMvVeIExOWkIFaaLFuvCsmqTlaLSS97N7xQJaS4r+eOxb0ldCz0lnhj8YoiaaTS7EuwSEl2CQVvkDMOIk0azqJuJYtxYUZTP4hm76bE1VUNOeCWA5zrDfUxd32W4buDdrVi67PvQ31p4934wJtFL9AiWkY2WkUbaAe10BGiSKBf6Df6U/pU+lb6XvpxNXV6arz mOZoYpZ//AckoHFM=</latexit>
P 0⇣
<latexit sha1_base64="t2tn1H87BgVD3AcVGFNs/Q7RAFo=">AAAF1HicddRPT9swFABww+jGun+wHXexQJPYpUoLDHZDGwJEKXRitEhNVznOa7Fw/mA724qX07TrbrtuH2 KfZt9mTgkoDcZS06f3s59f0tRezJlUjvNvZvbeXOX+g/mH1UePnzx9trD4vCOjRFA4oRGPxKlHJHAWwoliisNpLIAEHoeud/4+8+5nEJJF4Uc1jqEfkFHIhowSZVK99sC9BEU+aScdLCw7tbW3jfXNTezU3qw11jc2TFBfd+qNVVyvOZOxjPLRHizO/XX9iCYBhIpyImWv7sSqr4lQjHJIq24iISb0nIygZ8KQBCD7etJzil+ZjI+HkTCfUOFJtrhCe4Kcg0qr U0kSSDkOPLM8IOpMli1L2qyXqOFmX7MwThSE9Gr3YcKxinD2VLDPBFDFxyYgVDBzA5ieEUGoMs9uuoWsuJBDWeqMEs7ZSJC0is1wfRi6JiW0q+Cr0u4BESPA7vUsLNJb60MKPEuG8IVGQUBCX7seXKTZdcRCDRfJ5EczK6fmwGQOmPCuGaYKuSlDTAO2GiQvYnXT97bx7N5NqLctflDwA4s3C960+FHBjyy+W/Bdix8X/Nji+wXft3in4B2L7xV8z+I7Bd+xeKv gLYt3C961+GHBD8seG4yzPx7hJfHNS6XdkHiclMRJ9YrzupRsmGSjnPSzd8OPlCblfX0vF++W0FzoLfFz8csiaazS7EuwWEl2CSVvkjMOItVNd8m0ksW4NKNlHkRrcFPi6qrGHHDbBc7NhuaYuz7L8N1Bp1Grm7Pvw9ry1rv8wJtHL9ESWkF1tIG20B5qoxNEUYR+od/oT6VT+Vb5XvlxNXV2Jl/zAk2Nys//Q1Ibpw==</latexit><latexit sha1_base64="t2tn1H87BgVD3AcVGFNs/Q7RAFo=">AAAF1HicddRPT9swFABww+jGun+wHXexQJPYpUoLDHZDGwJEKXRitEhNVznOa7Fw/mA724qX07TrbrtuH2 KfZt9mTgkoDcZS06f3s59f0tRezJlUjvNvZvbeXOX+g/mH1UePnzx9trD4vCOjRFA4oRGPxKlHJHAWwoliisNpLIAEHoeud/4+8+5nEJJF4Uc1jqEfkFHIhowSZVK99sC9BEU+aScdLCw7tbW3jfXNTezU3qw11jc2TFBfd+qNVVyvOZOxjPLRHizO/XX9iCYBhIpyImWv7sSqr4lQjHJIq24iISb0nIygZ8KQBCD7etJzil+ZjI+HkTCfUOFJtrhCe4Kcg0qr U0kSSDkOPLM8IOpMli1L2qyXqOFmX7MwThSE9Gr3YcKxinD2VLDPBFDFxyYgVDBzA5ieEUGoMs9uuoWsuJBDWeqMEs7ZSJC0is1wfRi6JiW0q+Cr0u4BESPA7vUsLNJb60MKPEuG8IVGQUBCX7seXKTZdcRCDRfJ5EczK6fmwGQOmPCuGaYKuSlDTAO2GiQvYnXT97bx7N5NqLctflDwA4s3C960+FHBjyy+W/Bdix8X/Nji+wXft3in4B2L7xV8z+I7Bd+xeKv gLYt3C961+GHBD8seG4yzPx7hJfHNS6XdkHiclMRJ9YrzupRsmGSjnPSzd8OPlCblfX0vF++W0FzoLfFz8csiaazS7EuwWEl2CSVvkjMOItVNd8m0ksW4NKNlHkRrcFPi6qrGHHDbBc7NhuaYuz7L8N1Bp1Grm7Pvw9ry1rv8wJtHL9ESWkF1tIG20B5qoxNEUYR+od/oT6VT+Vb5XvlxNXV2Jl/zAk2Nys//Q1Ibpw==</latexit><latexit sha1_base64="t2tn1H87BgVD3AcVGFNs/Q7RAFo=">AAAF1HicddRPT9swFABww+jGun+wHXexQJPYpUoLDHZDGwJEKXRitEhNVznOa7Fw/mA724qX07TrbrtuH2 KfZt9mTgkoDcZS06f3s59f0tRezJlUjvNvZvbeXOX+g/mH1UePnzx9trD4vCOjRFA4oRGPxKlHJHAWwoliisNpLIAEHoeud/4+8+5nEJJF4Uc1jqEfkFHIhowSZVK99sC9BEU+aScdLCw7tbW3jfXNTezU3qw11jc2TFBfd+qNVVyvOZOxjPLRHizO/XX9iCYBhIpyImWv7sSqr4lQjHJIq24iISb0nIygZ8KQBCD7etJzil+ZjI+HkTCfUOFJtrhCe4Kcg0qr U0kSSDkOPLM8IOpMli1L2qyXqOFmX7MwThSE9Gr3YcKxinD2VLDPBFDFxyYgVDBzA5ieEUGoMs9uuoWsuJBDWeqMEs7ZSJC0is1wfRi6JiW0q+Cr0u4BESPA7vUsLNJb60MKPEuG8IVGQUBCX7seXKTZdcRCDRfJ5EczK6fmwGQOmPCuGaYKuSlDTAO2GiQvYnXT97bx7N5NqLctflDwA4s3C960+FHBjyy+W/Bdix8X/Nji+wXft3in4B2L7xV8z+I7Bd+xeKv gLYt3C961+GHBD8seG4yzPx7hJfHNS6XdkHiclMRJ9YrzupRsmGSjnPSzd8OPlCblfX0vF++W0FzoLfFz8csiaazS7EuwWEl2CSVvkjMOItVNd8m0ksW4NKNlHkRrcFPi6qrGHHDbBc7NhuaYuz7L8N1Bp1Grm7Pvw9ry1rv8wJtHL9ESWkF1tIG20B5qoxNEUYR+od/oT6VT+Vb5XvlxNXV2Jl/zAk2Nys//Q1Ibpw==</latexit><latexit sha1_base64="t2tn1H87BgVD3AcVGFNs/Q7RAFo=">AAAF1HicddRPT9swFABww+jGun+wHXexQJPYpUoLDHZDGwJEKXRitEhNVznOa7Fw/mA724qX07TrbrtuH2 KfZt9mTgkoDcZS06f3s59f0tRezJlUjvNvZvbeXOX+g/mH1UePnzx9trD4vCOjRFA4oRGPxKlHJHAWwoliisNpLIAEHoeud/4+8+5nEJJF4Uc1jqEfkFHIhowSZVK99sC9BEU+aScdLCw7tbW3jfXNTezU3qw11jc2TFBfd+qNVVyvOZOxjPLRHizO/XX9iCYBhIpyImWv7sSqr4lQjHJIq24iISb0nIygZ8KQBCD7etJzil+ZjI+HkTCfUOFJtrhCe4Kcg0qr U0kSSDkOPLM8IOpMli1L2qyXqOFmX7MwThSE9Gr3YcKxinD2VLDPBFDFxyYgVDBzA5ieEUGoMs9uuoWsuJBDWeqMEs7ZSJC0is1wfRi6JiW0q+Cr0u4BESPA7vUsLNJb60MKPEuG8IVGQUBCX7seXKTZdcRCDRfJ5EczK6fmwGQOmPCuGaYKuSlDTAO2GiQvYnXT97bx7N5NqLctflDwA4s3C960+FHBjyy+W/Bdix8X/Nji+wXft3in4B2L7xV8z+I7Bd+xeKv gLYt3C961+GHBD8seG4yzPx7hJfHNS6XdkHiclMRJ9YrzupRsmGSjnPSzd8OPlCblfX0vF++W0FzoLfFz8csiaazS7EuwWEl2CSVvkjMOItVNd8m0ksW4NKNlHkRrcFPi6qrGHHDbBc7NhuaYuz7L8N1Bp1Grm7Pvw9ry1rv8wJtHL9ESWkF1tIG20B5qoxNEUYR+od/oT6VT+Vb5XvlxNXV2Jl/zAk2Nys//Q1Ibpw==</latexit>
P
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⇣
<latexit sha1_base64="fx7dNpspngAnTL7di48La0ItpSs=">AAAF1nicddRPT9swFABww+jGun+wHXexQJPYpUu6opYb2hAgSqETo0UiXeU4ryXC+YPtbCtWdpt23W3X7TPs0+zbzCkBpcF Yavr0fvbzS5rajZkvpGX9m5u/t1C5/2DxYfXR4ydPny0tP++JKOEUjmnEIn7iEgHMD+FY+pLBScyBBC6Dvnv+PvP+Z+DCj8KPchLDICDj0B/5lEidGnSHziVI8knV37xNh0urVq3VaLY21rFVW280Gq2mDmzbbm7UsV2zpmMV5aM7XF7463gRTQIIJWVEiFPbiuVAES59yiCtOomAmNBzMoZTHYYkADFQ065T/EpnPDyKuP6EEk+zxRXK5eQcZFqdSZJAiEng6uUBkWeibFnSZKeJHLUGyg/jREJIr 3YfJQzLCGfPBXs+ByrZRAeEcl/fAKZnhBMq9dObbSErzsVIlDqjhDF/zElaxXo4HowcneLKkfBVKmef8DFg53oW5umt9SEFliVD+EKjICChpxwXLtLsOvZDBRfJ9GfTK2fmwHQO6PCuGboKuSlDdAOmGiQvYnTd95b27N51qLYMvl/wfYO3C942+GHBDw2+U/Adgx8V/MjgewXfM3iv4D2D7xZ81+DbBd82eKfgHYP3C943+EHBD8oea4yzPx5hJfH0S6WckLiMlMRK1Zr1upSs62S9nPSyd8OLpC LlfT03F/eW0FzoLfFy8coiaCzT7Iv7sRT+JZS8Tc4Y8FS1nRXdShbj0oyOfhCd4U2Jq6ucMMBdBxjTG+pj7vosw3cHvXrN1mffh8bq5rv8wFtEL9EKWkM2aqJNtIu66BhRdIF+od/oT+Wk8q3yvfLjaur8XL7mBZoZlZ//AQj6HC4=</latexit><latexit sha1_base64="fx7dNpspngAnTL7di48La0ItpSs=">AAAF1nicddRPT9swFABww+jGun+wHXexQJPYpUu6opYb2hAgSqETo0UiXeU4ryXC+YPtbCtWdpt23W3X7TPs0+zbzCkBpcF Yavr0fvbzS5rajZkvpGX9m5u/t1C5/2DxYfXR4ydPny0tP++JKOEUjmnEIn7iEgHMD+FY+pLBScyBBC6Dvnv+PvP+Z+DCj8KPchLDICDj0B/5lEidGnSHziVI8knV37xNh0urVq3VaLY21rFVW280Gq2mDmzbbm7UsV2zpmMV5aM7XF7463gRTQIIJWVEiFPbiuVAES59yiCtOomAmNBzMoZTHYYkADFQ065T/EpnPDyKuP6EEk+zxRXK5eQcZFqdSZJAiEng6uUBkWeibFnSZKeJHLUGyg/jREJIr 3YfJQzLCGfPBXs+ByrZRAeEcl/fAKZnhBMq9dObbSErzsVIlDqjhDF/zElaxXo4HowcneLKkfBVKmef8DFg53oW5umt9SEFliVD+EKjICChpxwXLtLsOvZDBRfJ9GfTK2fmwHQO6PCuGboKuSlDdAOmGiQvYnTd95b27N51qLYMvl/wfYO3C942+GHBDw2+U/Adgx8V/MjgewXfM3iv4D2D7xZ81+DbBd82eKfgHYP3C943+EHBD8oea4yzPx5hJfH0S6WckLiMlMRK1Zr1upSs62S9nPSyd8OLpC LlfT03F/eW0FzoLfFy8coiaCzT7Iv7sRT+JZS8Tc4Y8FS1nRXdShbj0oyOfhCd4U2Jq6ucMMBdBxjTG+pj7vosw3cHvXrN1mffh8bq5rv8wFtEL9EKWkM2aqJNtIu66BhRdIF+od/oT+Wk8q3yvfLjaur8XL7mBZoZlZ//AQj6HC4=</latexit><latexit sha1_base64="fx7dNpspngAnTL7di48La0ItpSs=">AAAF1nicddRPT9swFABww+jGun+wHXexQJPYpUu6opYb2hAgSqETo0UiXeU4ryXC+YPtbCtWdpt23W3X7TPs0+zbzCkBpcF Yavr0fvbzS5rajZkvpGX9m5u/t1C5/2DxYfXR4ydPny0tP++JKOEUjmnEIn7iEgHMD+FY+pLBScyBBC6Dvnv+PvP+Z+DCj8KPchLDICDj0B/5lEidGnSHziVI8knV37xNh0urVq3VaLY21rFVW280Gq2mDmzbbm7UsV2zpmMV5aM7XF7463gRTQIIJWVEiFPbiuVAES59yiCtOomAmNBzMoZTHYYkADFQ065T/EpnPDyKuP6EEk+zxRXK5eQcZFqdSZJAiEng6uUBkWeibFnSZKeJHLUGyg/jREJIr 3YfJQzLCGfPBXs+ByrZRAeEcl/fAKZnhBMq9dObbSErzsVIlDqjhDF/zElaxXo4HowcneLKkfBVKmef8DFg53oW5umt9SEFliVD+EKjICChpxwXLtLsOvZDBRfJ9GfTK2fmwHQO6PCuGboKuSlDdAOmGiQvYnTd95b27N51qLYMvl/wfYO3C942+GHBDw2+U/Adgx8V/MjgewXfM3iv4D2D7xZ81+DbBd82eKfgHYP3C943+EHBD8oea4yzPx5hJfH0S6WckLiMlMRK1Zr1upSs62S9nPSyd8OLpC LlfT03F/eW0FzoLfFy8coiaCzT7Iv7sRT+JZS8Tc4Y8FS1nRXdShbj0oyOfhCd4U2Jq6ucMMBdBxjTG+pj7vosw3cHvXrN1mffh8bq5rv8wFtEL9EKWkM2aqJNtIu66BhRdIF+od/oT+Wk8q3yvfLjaur8XL7mBZoZlZ//AQj6HC4=</latexit><latexit sha1_base64="fx7dNpspngAnTL7di48La0ItpSs=">AAAF1nicddRPT9swFABww+jGun+wHXexQJPYpUu6opYb2hAgSqETo0UiXeU4ryXC+YPtbCtWdpt23W3X7TPs0+zbzCkBpcF Yavr0fvbzS5rajZkvpGX9m5u/t1C5/2DxYfXR4ydPny0tP++JKOEUjmnEIn7iEgHMD+FY+pLBScyBBC6Dvnv+PvP+Z+DCj8KPchLDICDj0B/5lEidGnSHziVI8knV37xNh0urVq3VaLY21rFVW280Gq2mDmzbbm7UsV2zpmMV5aM7XF7463gRTQIIJWVEiFPbiuVAES59yiCtOomAmNBzMoZTHYYkADFQ065T/EpnPDyKuP6EEk+zxRXK5eQcZFqdSZJAiEng6uUBkWeibFnSZKeJHLUGyg/jREJIr 3YfJQzLCGfPBXs+ByrZRAeEcl/fAKZnhBMq9dObbSErzsVIlDqjhDF/zElaxXo4HowcneLKkfBVKmef8DFg53oW5umt9SEFliVD+EKjICChpxwXLtLsOvZDBRfJ9GfTK2fmwHQO6PCuGboKuSlDdAOmGiQvYnTd95b27N51qLYMvl/wfYO3C942+GHBDw2+U/Adgx8V/MjgewXfM3iv4D2D7xZ81+DbBd82eKfgHYP3C943+EHBD8oea4yzPx5hJfH0S6WckLiMlMRK1Zr1upSs62S9nPSyd8OLpC LlfT03F/eW0FzoLfFy8coiaCzT7Iv7sRT+JZS8Tc4Y8FS1nRXdShbj0oyOfhCd4U2Jq6ucMMBdBxjTG+pj7vosw3cHvXrN1mffh8bq5rv8wFtEL9EKWkM2aqJNtIu66BhRdIF+od/oT+Wk8q3yvfLjaur8XL7mBZoZlZ//AQj6HC4=</latexit>
P
4/3
⇣
<latexit sha1_base64="dlyG8NhFPn/XGjns+6XXluQxP6g=">AAAF1nicddTNTxNBFADwAali/QI9eplATPBStx+ivRElQCiFGqQlYWszO/taJsx+MDNVy2S9Ga/evOrf4F/jf+NsWch2GSbp9uX9Zt 683W7HizmTynH+zc3fWSjdvbd4v/zg4aPHT5aWn3ZlNBYUjmjEI3HsEQmchXCkmOJwHAsggceh5529T733GYRkUfhRTWLoB2QUsiGjRJlUvzNwL0CRT7rxqp4MlladSq3ZbNSb2Kk0avVmvWqC9ddOY93B1YozHasoG53B8sJf14/oOIBQUU6kPKk6seprIhSjHJKyO5YQE3pGRnBiwpAEIPt62nWCX5iMj4eRMJ9Q4Wk2v0J7gpyBSsozSRJIOQk8szwg6lQWLU3a7GSshm/7moXxWEFIL3cfjjlWEU6fC/aZAKr4 xASECmZuANNTIghV5unNtpAWF3IoC51RwjkbCZKUsRmuD0PXpIR2FXxV2t0jYgTYvZqFRXJjfUiBp8kQvtAoCEjoa9eD8yS9jlio4Xw8/dnMypk5MJ0DJrxthqlCrssQ04CtBsmKWN30vWk8vXcT6k2L7+V8z+KtnLcsfpDzA4tv53zb4oc5P7T4bs53Ld7NedfiOznfsfhWzrcs3s552+K9nPcsvp/z/aLHBuP0j0d4QXzzUmk3JB4nBXESvea8LCRrJlkrJv303fAjpUlxX9/LxLshNBN6Q/xM/KJIGqsk/RIsVpJ dQMFb5JSDSHTLXTGtpDEuzGibB9EeXJe4vKoJB9xxgXOzoTnmrs4yfHvQrVWqTqX6obG68S478BbRc7SC1lAVvUEbaAd10BGi6Bz9Qr/Rn9Jx6Vvpe+nH5dT5uWzNMzQzSj//A8PCHCE=</latexit><latexit sha1_base64="dlyG8NhFPn/XGjns+6XXluQxP6g=">AAAF1nicddTNTxNBFADwAali/QI9eplATPBStx+ivRElQCiFGqQlYWszO/taJsx+MDNVy2S9Ga/evOrf4F/jf+NsWch2GSbp9uX9Zt 683W7HizmTynH+zc3fWSjdvbd4v/zg4aPHT5aWn3ZlNBYUjmjEI3HsEQmchXCkmOJwHAsggceh5529T733GYRkUfhRTWLoB2QUsiGjRJlUvzNwL0CRT7rxqp4MlladSq3ZbNSb2Kk0avVmvWqC9ddOY93B1YozHasoG53B8sJf14/oOIBQUU6kPKk6seprIhSjHJKyO5YQE3pGRnBiwpAEIPt62nWCX5iMj4eRMJ9Q4Wk2v0J7gpyBSsozSRJIOQk8szwg6lQWLU3a7GSshm/7moXxWEFIL3cfjjlWEU6fC/aZAKr4 xASECmZuANNTIghV5unNtpAWF3IoC51RwjkbCZKUsRmuD0PXpIR2FXxV2t0jYgTYvZqFRXJjfUiBp8kQvtAoCEjoa9eD8yS9jlio4Xw8/dnMypk5MJ0DJrxthqlCrssQ04CtBsmKWN30vWk8vXcT6k2L7+V8z+KtnLcsfpDzA4tv53zb4oc5P7T4bs53Ld7NedfiOznfsfhWzrcs3s552+K9nPcsvp/z/aLHBuP0j0d4QXzzUmk3JB4nBXESvea8LCRrJlkrJv303fAjpUlxX9/LxLshNBN6Q/xM/KJIGqsk/RIsVpJ dQMFb5JSDSHTLXTGtpDEuzGibB9EeXJe4vKoJB9xxgXOzoTnmrs4yfHvQrVWqTqX6obG68S478BbRc7SC1lAVvUEbaAd10BGi6Bz9Qr/Rn9Jx6Vvpe+nH5dT5uWzNMzQzSj//A8PCHCE=</latexit><latexit sha1_base64="dlyG8NhFPn/XGjns+6XXluQxP6g=">AAAF1nicddTNTxNBFADwAali/QI9eplATPBStx+ivRElQCiFGqQlYWszO/taJsx+MDNVy2S9Ga/evOrf4F/jf+NsWch2GSbp9uX9Zt 683W7HizmTynH+zc3fWSjdvbd4v/zg4aPHT5aWn3ZlNBYUjmjEI3HsEQmchXCkmOJwHAsggceh5529T733GYRkUfhRTWLoB2QUsiGjRJlUvzNwL0CRT7rxqp4MlladSq3ZbNSb2Kk0avVmvWqC9ddOY93B1YozHasoG53B8sJf14/oOIBQUU6kPKk6seprIhSjHJKyO5YQE3pGRnBiwpAEIPt62nWCX5iMj4eRMJ9Q4Wk2v0J7gpyBSsozSRJIOQk8szwg6lQWLU3a7GSshm/7moXxWEFIL3cfjjlWEU6fC/aZAKr4 xASECmZuANNTIghV5unNtpAWF3IoC51RwjkbCZKUsRmuD0PXpIR2FXxV2t0jYgTYvZqFRXJjfUiBp8kQvtAoCEjoa9eD8yS9jlio4Xw8/dnMypk5MJ0DJrxthqlCrssQ04CtBsmKWN30vWk8vXcT6k2L7+V8z+KtnLcsfpDzA4tv53zb4oc5P7T4bs53Ld7NedfiOznfsfhWzrcs3s552+K9nPcsvp/z/aLHBuP0j0d4QXzzUmk3JB4nBXESvea8LCRrJlkrJv303fAjpUlxX9/LxLshNBN6Q/xM/KJIGqsk/RIsVpJ dQMFb5JSDSHTLXTGtpDEuzGibB9EeXJe4vKoJB9xxgXOzoTnmrs4yfHvQrVWqTqX6obG68S478BbRc7SC1lAVvUEbaAd10BGi6Bz9Qr/Rn9Jx6Vvpe+nH5dT5uWzNMzQzSj//A8PCHCE=</latexit><latexit sha1_base64="dlyG8NhFPn/XGjns+6XXluQxP6g=">AAAF1nicddTNTxNBFADwAali/QI9eplATPBStx+ivRElQCiFGqQlYWszO/taJsx+MDNVy2S9Ga/evOrf4F/jf+NsWch2GSbp9uX9Zt 683W7HizmTynH+zc3fWSjdvbd4v/zg4aPHT5aWn3ZlNBYUjmjEI3HsEQmchXCkmOJwHAsggceh5529T733GYRkUfhRTWLoB2QUsiGjRJlUvzNwL0CRT7rxqp4MlladSq3ZbNSb2Kk0avVmvWqC9ddOY93B1YozHasoG53B8sJf14/oOIBQUU6kPKk6seprIhSjHJKyO5YQE3pGRnBiwpAEIPt62nWCX5iMj4eRMJ9Q4Wk2v0J7gpyBSsozSRJIOQk8szwg6lQWLU3a7GSshm/7moXxWEFIL3cfjjlWEU6fC/aZAKr4 xASECmZuANNTIghV5unNtpAWF3IoC51RwjkbCZKUsRmuD0PXpIR2FXxV2t0jYgTYvZqFRXJjfUiBp8kQvtAoCEjoa9eD8yS9jlio4Xw8/dnMypk5MJ0DJrxthqlCrssQ04CtBsmKWN30vWk8vXcT6k2L7+V8z+KtnLcsfpDzA4tv53zb4oc5P7T4bs53Ld7NedfiOznfsfhWzrcs3s552+K9nPcsvp/z/aLHBuP0j0d4QXzzUmk3JB4nBXESvea8LCRrJlkrJv303fAjpUlxX9/LxLshNBN6Q/xM/KJIGqsk/RIsVpJ dQMFb5JSDSHTLXTGtpDEuzGibB9EeXJe4vKoJB9xxgXOzoTnmrs4yfHvQrVWqTqX6obG68S478BbRc7SC1lAVvUEbaAd10BGi6Bz9Qr/Rn9Jx6Vvpe+nH5dT5uWzNMzQzSj//A8PCHCE=</latexit>
P⇣PP⇣
<latexit sha1_base64="KgwrzOsjhZf9V68kUD6cJ9WnZ18=">AAAF6HicdZTNbhMxEMfd0kAJXy0cEZLVCqlcqk2FBMcKqrZq mjaoNKnUjaJZ7yQ19X7UdoDU2hMvwA1x5caVPg1vgzfdVpuNsbTe0f83Mx7Peh2kgivteX/n5u8s1O7eW7xff/Dw0eMnS8tPOyoZSYbHLBGJPAlAoeAxHmuuBZ6kEiEKBHaD8/c5735GqXgSf9TjFHsRDGM+4Ay0lfpLL9p9/xI1UD8CfcZAmHbWN4WY9ZdWvXVvMuis 0SiMVVKMdn954coPEzaKMNZMgFKnDS/VPQNScyYwq/sjhSmwcxjiqTVjiFD1zGQfGX1plZAOEmmfWNOJWo4wgYRz1Fl9SoRIqXEU2PB8C6rKctHFTkd68LZneJyONMbsevXBSFCd0LxTNOQSmRZjawCT3G6AsjOQwLTt53QJeXKpBqpSmW2n4EMJWZ3a4Yc48K0kja/x qzb+PsghUv/Gi8psJj5mKHIxxi8siSKIQ+MHeJHl85DHBi9Gkw9pI6d8cOKD1vyfh80Ct2nAFuDKAUUSJ7d1b1l+c262HHy/xPcdvFniTQc/LPFDB98p8R0HPyrxIwffK/E9B++UeMfBd0t818G3S3zbwVsl3nLwbol3HfygxA+qPLUwzX88EBUS2kNl/BgCARXiZWbN e1URN6y4URXD/GyEiTZQXTcMChLMEFYQNkPCgoRVoliqs/wleaoVv8QKb8KZQJmZpr9iS8ltWvFo2Ua0+rcprmc9FkjbPgphF7TXXKN6qc0anY31hrfe+PB6dfNdceEtkudkhayRBnlDNskuaZNjwsg38pv8IVe1T7XvtR+1n9eu83NFzDMyNWq//gG7DSNr</latexi t><latexit sha1_base64="KgwrzOsjhZf9V68kUD6cJ9WnZ18=">AAAF6HicdZTNbhMxEMfd0kAJXy0cEZLVCqlcqk2FBMcKqrZq mjaoNKnUjaJZ7yQ19X7UdoDU2hMvwA1x5caVPg1vgzfdVpuNsbTe0f83Mx7Peh2kgivteX/n5u8s1O7eW7xff/Dw0eMnS8tPOyoZSYbHLBGJPAlAoeAxHmuuBZ6kEiEKBHaD8/c5735GqXgSf9TjFHsRDGM+4Ay0lfpLL9p9/xI1UD8CfcZAmHbWN4WY9ZdWvXVvMuis 0SiMVVKMdn954coPEzaKMNZMgFKnDS/VPQNScyYwq/sjhSmwcxjiqTVjiFD1zGQfGX1plZAOEmmfWNOJWo4wgYRz1Fl9SoRIqXEU2PB8C6rKctHFTkd68LZneJyONMbsevXBSFCd0LxTNOQSmRZjawCT3G6AsjOQwLTt53QJeXKpBqpSmW2n4EMJWZ3a4Yc48K0kja/x qzb+PsghUv/Gi8psJj5mKHIxxi8siSKIQ+MHeJHl85DHBi9Gkw9pI6d8cOKD1vyfh80Ct2nAFuDKAUUSJ7d1b1l+c262HHy/xPcdvFniTQc/LPFDB98p8R0HPyrxIwffK/E9B++UeMfBd0t818G3S3zbwVsl3nLwbol3HfygxA+qPLUwzX88EBUS2kNl/BgCARXiZWbN e1URN6y4URXD/GyEiTZQXTcMChLMEFYQNkPCgoRVoliqs/wleaoVv8QKb8KZQJmZpr9iS8ltWvFo2Ua0+rcprmc9FkjbPgphF7TXXKN6qc0anY31hrfe+PB6dfNdceEtkudkhayRBnlDNskuaZNjwsg38pv8IVe1T7XvtR+1n9eu83NFzDMyNWq//gG7DSNr</latexi t><latexit sha1_base64="KgwrzOsjhZf9V68kUD6cJ9WnZ18=">AAAF6HicdZTNbhMxEMfd0kAJXy0cEZLVCqlcqk2FBMcKqrZq mjaoNKnUjaJZ7yQ19X7UdoDU2hMvwA1x5caVPg1vgzfdVpuNsbTe0f83Mx7Peh2kgivteX/n5u8s1O7eW7xff/Dw0eMnS8tPOyoZSYbHLBGJPAlAoeAxHmuuBZ6kEiEKBHaD8/c5735GqXgSf9TjFHsRDGM+4Ay0lfpLL9p9/xI1UD8CfcZAmHbWN4WY9ZdWvXVvMuis 0SiMVVKMdn954coPEzaKMNZMgFKnDS/VPQNScyYwq/sjhSmwcxjiqTVjiFD1zGQfGX1plZAOEmmfWNOJWo4wgYRz1Fl9SoRIqXEU2PB8C6rKctHFTkd68LZneJyONMbsevXBSFCd0LxTNOQSmRZjawCT3G6AsjOQwLTt53QJeXKpBqpSmW2n4EMJWZ3a4Yc48K0kja/x qzb+PsghUv/Gi8psJj5mKHIxxi8siSKIQ+MHeJHl85DHBi9Gkw9pI6d8cOKD1vyfh80Ct2nAFuDKAUUSJ7d1b1l+c262HHy/xPcdvFniTQc/LPFDB98p8R0HPyrxIwffK/E9B++UeMfBd0t818G3S3zbwVsl3nLwbol3HfygxA+qPLUwzX88EBUS2kNl/BgCARXiZWbN e1URN6y4URXD/GyEiTZQXTcMChLMEFYQNkPCgoRVoliqs/wleaoVv8QKb8KZQJmZpr9iS8ltWvFo2Ua0+rcprmc9FkjbPgphF7TXXKN6qc0anY31hrfe+PB6dfNdceEtkudkhayRBnlDNskuaZNjwsg38pv8IVe1T7XvtR+1n9eu83NFzDMyNWq//gG7DSNr</latexi t><latexit sha1_base64="KgwrzOsjhZf9V68kUD6cJ9WnZ18=">AAAF6HicdZTNbhMxEMfd0kAJXy0cEZLVCqlcqk2FBMcKqrZq mjaoNKnUjaJZ7yQ19X7UdoDU2hMvwA1x5caVPg1vgzfdVpuNsbTe0f83Mx7Peh2kgivteX/n5u8s1O7eW7xff/Dw0eMnS8tPOyoZSYbHLBGJPAlAoeAxHmuuBZ6kEiEKBHaD8/c5735GqXgSf9TjFHsRDGM+4Ay0lfpLL9p9/xI1UD8CfcZAmHbWN4WY9ZdWvXVvMuis 0SiMVVKMdn954coPEzaKMNZMgFKnDS/VPQNScyYwq/sjhSmwcxjiqTVjiFD1zGQfGX1plZAOEmmfWNOJWo4wgYRz1Fl9SoRIqXEU2PB8C6rKctHFTkd68LZneJyONMbsevXBSFCd0LxTNOQSmRZjawCT3G6AsjOQwLTt53QJeXKpBqpSmW2n4EMJWZ3a4Yc48K0kja/x qzb+PsghUv/Gi8psJj5mKHIxxi8siSKIQ+MHeJHl85DHBi9Gkw9pI6d8cOKD1vyfh80Ct2nAFuDKAUUSJ7d1b1l+c262HHy/xPcdvFniTQc/LPFDB98p8R0HPyrxIwffK/E9B++UeMfBd0t818G3S3zbwVsl3nLwbol3HfygxA+qPLUwzX88EBUS2kNl/BgCARXiZWbN e1URN6y4URXD/GyEiTZQXTcMChLMEFYQNkPCgoRVoliqs/wleaoVv8QKb8KZQJmZpr9iS8ltWvFo2Ua0+rcprmc9FkjbPgphF7TXXKN6qc0anY31hrfe+PB6dfNdceEtkudkhayRBnlDNskuaZNjwsg38pv8IVe1T7XvtR+1n9eu83NFzDMyNWq//gG7DSNr</latexi t>
(                  ) ant <   pre
<latexit sha1_base64="VHCs2QJDJGTyPyI14jTLYcklNo4=">AAACD3icbVDLSgMxFM3UV62vUZdugkVxVWZE0IWLohuXFewD OmXIZNI2NMkMyR2hDP0DN/6KGxeKuHXrzr8xfYDaeuDC4Zx7k3tPlApuwPO+nMLS8srqWnG9tLG5tb3j7u41TJJpyuo0EYluRcQwwRWrAwfBWqlmREaCNaPB9dhv3jNteKLuYJiyjiQ9xbucErBS6B4HaZ+HeaAlJgpG+BIHMRNA8I9u3xuFbtmreBPgReLPSBnNUAvd zyBOaCaZAiqIMW3fS6GTEw2cCjYqBZlhKaED0mNtSxWRzHTyyT0jfGSVGHcTbUsBnqi/J3IijRnKyHZKAn0z743F/7x2Bt2LTs5VmgFTdPpRNxMYEjwOB8dcMwpiaAmhmttdMe0TTSjYCEs2BH/+5EXSOK34XsW/PStXr2ZxFNEBOkQnyEfnqIpuUA3VEUUP6Am9oFfn 0Xl23pz3aWvBmc3soz9wPr4BgjycUQ==</latexit><latexit sha1_base64="VHCs2QJDJGTyPyI14jTLYcklNo4=">AAACD3icbVDLSgMxFM3UV62vUZdugkVxVWZE0IWLohuXFewD OmXIZNI2NMkMyR2hDP0DN/6KGxeKuHXrzr8xfYDaeuDC4Zx7k3tPlApuwPO+nMLS8srqWnG9tLG5tb3j7u41TJJpyuo0EYluRcQwwRWrAwfBWqlmREaCNaPB9dhv3jNteKLuYJiyjiQ9xbucErBS6B4HaZ+HeaAlJgpG+BIHMRNA8I9u3xuFbtmreBPgReLPSBnNUAvd zyBOaCaZAiqIMW3fS6GTEw2cCjYqBZlhKaED0mNtSxWRzHTyyT0jfGSVGHcTbUsBnqi/J3IijRnKyHZKAn0z743F/7x2Bt2LTs5VmgFTdPpRNxMYEjwOB8dcMwpiaAmhmttdMe0TTSjYCEs2BH/+5EXSOK34XsW/PStXr2ZxFNEBOkQnyEfnqIpuUA3VEUUP6Am9oFfn 0Xl23pz3aWvBmc3soz9wPr4BgjycUQ==</latexit><latexit sha1_base64="VHCs2QJDJGTyPyI14jTLYcklNo4=">AAACD3icbVDLSgMxFM3UV62vUZdugkVxVWZE0IWLohuXFewD OmXIZNI2NMkMyR2hDP0DN/6KGxeKuHXrzr8xfYDaeuDC4Zx7k3tPlApuwPO+nMLS8srqWnG9tLG5tb3j7u41TJJpyuo0EYluRcQwwRWrAwfBWqlmREaCNaPB9dhv3jNteKLuYJiyjiQ9xbucErBS6B4HaZ+HeaAlJgpG+BIHMRNA8I9u3xuFbtmreBPgReLPSBnNUAvd zyBOaCaZAiqIMW3fS6GTEw2cCjYqBZlhKaED0mNtSxWRzHTyyT0jfGSVGHcTbUsBnqi/J3IijRnKyHZKAn0z743F/7x2Bt2LTs5VmgFTdPpRNxMYEjwOB8dcMwpiaAmhmttdMe0TTSjYCEs2BH/+5EXSOK34XsW/PStXr2ZxFNEBOkQnyEfnqIpuUA3VEUUP6Am9oFfn 0Xl23pz3aWvBmc3soz9wPr4BgjycUQ==</latexit><latexit sha1_base64="VHCs2QJDJGTyPyI14jTLYcklNo4=">AAACD3icbVDLSgMxFM3UV62vUZdugkVxVWZE0IWLohuXFewD OmXIZNI2NMkMyR2hDP0DN/6KGxeKuHXrzr8xfYDaeuDC4Zx7k3tPlApuwPO+nMLS8srqWnG9tLG5tb3j7u41TJJpyuo0EYluRcQwwRWrAwfBWqlmREaCNaPB9dhv3jNteKLuYJiyjiQ9xbucErBS6B4HaZ+HeaAlJgpG+BIHMRNA8I9u3xuFbtmreBPgReLPSBnNUAvd zyBOaCaZAiqIMW3fS6GTEw2cCjYqBZlhKaED0mNtSxWRzHTyyT0jfGSVGHcTbUsBnqi/J3IijRnKyHZKAn0z743F/7x2Bt2LTs5VmgFTdPpRNxMYEjwOB8dcMwpiaAmhmttdMe0TTSjYCEs2BH/+5EXSOK34XsW/PStXr2ZxFNEBOkQnyEfnqIpuUA3VEUUP6Am9oFfn 0Xl23pz3aWvBmc3soz9wPr4BgjycUQ==</latexit>
(                  ) ant >   pre
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P
 7/6
⇣
<latexit sha1_base64="YpXYN2sBDbFQgrOBPZUsN+Ao3Es=">AAAF13icddTNT9swFABww+jGui/YjrtYoEnssC7NOj5uaEOAKIVOjJaJlMpxXouF84HtbCtRtNu0 6267bv/C/pr9N3NKQGkwlpo+vZ/9/JKmdiPOpLKsf1PTd2Yqd+/N3q8+ePjo8ZO5+acdGcaCwiENeSiOXCKBswAOFVMcjiIBxHc5dN2z95l3P4OQLAw+qlEEPZ8MAzZglCidOmn3nQtQ5CR5tfJ6Oe3PLVq1xlt7zbawVXuzaq+t2TpYbtRX7GVcr1njsYjy0e7Pz/x1vJDGPgSKciLlcd2KVC8hQjHKIa06sYSI0DMyhGMdBsQH2UvGbaf4hc54 eBAK/QkUHmeLKxJXkDNQaXUiSXwpR76rl/tEncqyZUmTHcdqsNpLWBDFCgJ6ufsg5liFOHsw2GMCqOIjHRAqmL4BTE+JIFTpxzfZQlZcyIEsdUYJ52woSFrFejgeDBydEomj4KtKnF0ihoCdq1lYpDfWBxR4lgzgCw19nwRe4rhwnmbXIQsSOI/Hv5teOTEHxnNAh7fN0FXIdRmiGzDVIHkRo+u+N7Rn967DZMPguwXfNXiz4E2D7xd83+BbBd8 y+EHBDwy+U/Adg3cK3jH4dsG3Db5Z8E2DtwreMni34F2D7xV8r+yRxij74xFeEk+/VIkTEJeTklhpsmS9LCVtnbTLSS97N7xQJaS8r+fm4t4Qmgu9IV4uXlkkjVSafQkWKckuoORNcspBpEnTWdCtZDEuzWjpB9HqX5e4vKoRB9x2gHO9oT7mrs4yfHvQsWt1q1b/0Fhcf5cfeLPoOVpAS6iOVtA62kZtdIgoEugX+o3+VD5VvlW+V35cTp2eytc 8QxOj8vM/DmYcYA==</latexit><latexit sha1_base64="YpXYN2sBDbFQgrOBPZUsN+Ao3Es=">AAAF13icddTNT9swFABww+jGui/YjrtYoEnssC7NOj5uaEOAKIVOjJaJlMpxXouF84HtbCtRtNu0 6267bv/C/pr9N3NKQGkwlpo+vZ/9/JKmdiPOpLKsf1PTd2Yqd+/N3q8+ePjo8ZO5+acdGcaCwiENeSiOXCKBswAOFVMcjiIBxHc5dN2z95l3P4OQLAw+qlEEPZ8MAzZglCidOmn3nQtQ5CR5tfJ6Oe3PLVq1xlt7zbawVXuzaq+t2TpYbtRX7GVcr1njsYjy0e7Pz/x1vJDGPgSKciLlcd2KVC8hQjHKIa06sYSI0DMyhGMdBsQH2UvGbaf4hc54 eBAK/QkUHmeLKxJXkDNQaXUiSXwpR76rl/tEncqyZUmTHcdqsNpLWBDFCgJ6ufsg5liFOHsw2GMCqOIjHRAqmL4BTE+JIFTpxzfZQlZcyIEsdUYJ52woSFrFejgeDBydEomj4KtKnF0ihoCdq1lYpDfWBxR4lgzgCw19nwRe4rhwnmbXIQsSOI/Hv5teOTEHxnNAh7fN0FXIdRmiGzDVIHkRo+u+N7Rn967DZMPguwXfNXiz4E2D7xd83+BbBd8 y+EHBDwy+U/Adg3cK3jH4dsG3Db5Z8E2DtwreMni34F2D7xV8r+yRxij74xFeEk+/VIkTEJeTklhpsmS9LCVtnbTLSS97N7xQJaS8r+fm4t4Qmgu9IV4uXlkkjVSafQkWKckuoORNcspBpEnTWdCtZDEuzWjpB9HqX5e4vKoRB9x2gHO9oT7mrs4yfHvQsWt1q1b/0Fhcf5cfeLPoOVpAS6iOVtA62kZtdIgoEugX+o3+VD5VvlW+V35cTp2eytc 8QxOj8vM/DmYcYA==</latexit><latexit sha1_base64="YpXYN2sBDbFQgrOBPZUsN+Ao3Es=">AAAF13icddTNT9swFABww+jGui/YjrtYoEnssC7NOj5uaEOAKIVOjJaJlMpxXouF84HtbCtRtNu0 6267bv/C/pr9N3NKQGkwlpo+vZ/9/JKmdiPOpLKsf1PTd2Yqd+/N3q8+ePjo8ZO5+acdGcaCwiENeSiOXCKBswAOFVMcjiIBxHc5dN2z95l3P4OQLAw+qlEEPZ8MAzZglCidOmn3nQtQ5CR5tfJ6Oe3PLVq1xlt7zbawVXuzaq+t2TpYbtRX7GVcr1njsYjy0e7Pz/x1vJDGPgSKciLlcd2KVC8hQjHKIa06sYSI0DMyhGMdBsQH2UvGbaf4hc54 eBAK/QkUHmeLKxJXkDNQaXUiSXwpR76rl/tEncqyZUmTHcdqsNpLWBDFCgJ6ufsg5liFOHsw2GMCqOIjHRAqmL4BTE+JIFTpxzfZQlZcyIEsdUYJ52woSFrFejgeDBydEomj4KtKnF0ihoCdq1lYpDfWBxR4lgzgCw19nwRe4rhwnmbXIQsSOI/Hv5teOTEHxnNAh7fN0FXIdRmiGzDVIHkRo+u+N7Rn967DZMPguwXfNXiz4E2D7xd83+BbBd8 y+EHBDwy+U/Adg3cK3jH4dsG3Db5Z8E2DtwreMni34F2D7xV8r+yRxij74xFeEk+/VIkTEJeTklhpsmS9LCVtnbTLSS97N7xQJaS8r+fm4t4Qmgu9IV4uXlkkjVSafQkWKckuoORNcspBpEnTWdCtZDEuzWjpB9HqX5e4vKoRB9x2gHO9oT7mrs4yfHvQsWt1q1b/0Fhcf5cfeLPoOVpAS6iOVtA62kZtdIgoEugX+o3+VD5VvlW+V35cTp2eytc 8QxOj8vM/DmYcYA==</latexit><latexit sha1_base64="YpXYN2sBDbFQgrOBPZUsN+Ao3Es=">AAAF13icddTNT9swFABww+jGui/YjrtYoEnssC7NOj5uaEOAKIVOjJaJlMpxXouF84HtbCtRtNu0 6267bv/C/pr9N3NKQGkwlpo+vZ/9/JKmdiPOpLKsf1PTd2Yqd+/N3q8+ePjo8ZO5+acdGcaCwiENeSiOXCKBswAOFVMcjiIBxHc5dN2z95l3P4OQLAw+qlEEPZ8MAzZglCidOmn3nQtQ5CR5tfJ6Oe3PLVq1xlt7zbawVXuzaq+t2TpYbtRX7GVcr1njsYjy0e7Pz/x1vJDGPgSKciLlcd2KVC8hQjHKIa06sYSI0DMyhGMdBsQH2UvGbaf4hc54 eBAK/QkUHmeLKxJXkDNQaXUiSXwpR76rl/tEncqyZUmTHcdqsNpLWBDFCgJ6ufsg5liFOHsw2GMCqOIjHRAqmL4BTE+JIFTpxzfZQlZcyIEsdUYJ52woSFrFejgeDBydEomj4KtKnF0ihoCdq1lYpDfWBxR4lgzgCw19nwRe4rhwnmbXIQsSOI/Hv5teOTEHxnNAh7fN0FXIdRmiGzDVIHkRo+u+N7Rn967DZMPguwXfNXiz4E2D7xd83+BbBd8 y+EHBDwy+U/Adg3cK3jH4dsG3Db5Z8E2DtwreMni34F2D7xV8r+yRxij74xFeEk+/VIkTEJeTklhpsmS9LCVtnbTLSS97N7xQJaS8r+fm4t4Qmgu9IV4uXlkkjVSafQkWKckuoORNcspBpEnTWdCtZDEuzWjpB9HqX5e4vKoRB9x2gHO9oT7mrs4yfHvQsWt1q1b/0Fhcf5cfeLPoOVpAS6iOVtA62kZtdIgoEugX+o3+VD5VvlW+V35cTp2eytc 8QxOj8vM/DmYcYA==</latexit>
P
 1/2
⇣
<latexit sha1_base64="lGbjiyS0e++2LdQBE7zgTLynBls=">AAAF13icddTNT9swFABws9GNdV+wHXexQJPYYV1SOj5uaEOAKIVOjJaJlMpxXouF84HtbCtRtNu06267bv/C/pr9N3NKQGk wlpo+vZ/9/JKmdiPOpLKsf1N37k5X7t2feVB9+Ojxk6ezc886MowFhUMa8lAcuUQCZwEcKqY4HEUCiO9y6Lpn7zPvfgYhWRh8VKMIej4ZBmzAKFE6ddLuOxegyEny2n5TT/uzC1Ztdc1uLC1jq1Zfa6wsvdWBvWwtNWxs16zxWED5aPfnpv86XkhjHwJFOZHy2LYi1UuIUIxySKtOLCEi9IwM4ViHAfFB9pJx2yl+qTMeHoRCfwKFx9niisQV5AxUWp1IEl/Kke/q5T5Rp7JsWdJkx7EarPYSFkS xgoBe7j6IOVYhzh4M9pgAqvhIB4QKpm8A01MiCFX68U22kBUXciBLnVHCORsKklaxHo4HA0enROIo+KoSZ5eIIWDnahYW6Y31AQWeJQP4QkPfJ4GXOC6cp9l1yIIEzuPx76ZXTsyB8RzQ4W0zdBVyXYboBkw1SF7E6LrvDe3Zvesw2TD4bsF3Dd4seNPg+wXfN/hWwbcMflDwA4PvFHzH4J2Cdwy+XfBtg28WfNPgrYK3DN4teNfgewXfK3ukMcr+eISXxNMvVeIExOWkJFaaLFqvSsm6TtbLSS9 7N7xQJaS8r+fm4t4Qmgu9IV4uXlkkjVSafQkWKckuoORNcspBpEnTmdetZDEuzWjpB9HqX5e4vKoRB9x2gHO9oT7mrs4yfHvQqddsffZ9aCysv8sPvBn0As2jRWSjFbSOtlEbHSKKBPqFfqM/lU+Vb5XvlR+XU+9M5Wueo4lR+fkfvlgcUQ==</latexit><latexit sha1_base64="lGbjiyS0e++2LdQBE7zgTLynBls=">AAAF13icddTNT9swFABws9GNdV+wHXexQJPYYV1SOj5uaEOAKIVOjJaJlMpxXouF84HtbCtRtNu06267bv/C/pr9N3NKQGk wlpo+vZ/9/JKmdiPOpLKsf1N37k5X7t2feVB9+Ojxk6ezc886MowFhUMa8lAcuUQCZwEcKqY4HEUCiO9y6Lpn7zPvfgYhWRh8VKMIej4ZBmzAKFE6ddLuOxegyEny2n5TT/uzC1Ztdc1uLC1jq1Zfa6wsvdWBvWwtNWxs16zxWED5aPfnpv86XkhjHwJFOZHy2LYi1UuIUIxySKtOLCEi9IwM4ViHAfFB9pJx2yl+qTMeHoRCfwKFx9niisQV5AxUWp1IEl/Kke/q5T5Rp7JsWdJkx7EarPYSFkS xgoBe7j6IOVYhzh4M9pgAqvhIB4QKpm8A01MiCFX68U22kBUXciBLnVHCORsKklaxHo4HA0enROIo+KoSZ5eIIWDnahYW6Y31AQWeJQP4QkPfJ4GXOC6cp9l1yIIEzuPx76ZXTsyB8RzQ4W0zdBVyXYboBkw1SF7E6LrvDe3Zvesw2TD4bsF3Dd4seNPg+wXfN/hWwbcMflDwA4PvFHzH4J2Cdwy+XfBtg28WfNPgrYK3DN4teNfgewXfK3ukMcr+eISXxNMvVeIExOWkJFaaLFqvSsm6TtbLSS9 7N7xQJaS8r+fm4t4Qmgu9IV4uXlkkjVSafQkWKckuoORNcspBpEnTmdetZDEuzWjpB9HqX5e4vKoRB9x2gHO9oT7mrs4yfHvQqddsffZ9aCysv8sPvBn0As2jRWSjFbSOtlEbHSKKBPqFfqM/lU+Vb5XvlR+XU+9M5Wueo4lR+fkfvlgcUQ==</latexit><latexit sha1_base64="lGbjiyS0e++2LdQBE7zgTLynBls=">AAAF13icddTNT9swFABws9GNdV+wHXexQJPYYV1SOj5uaEOAKIVOjJaJlMpxXouF84HtbCtRtNu06267bv/C/pr9N3NKQGk wlpo+vZ/9/JKmdiPOpLKsf1N37k5X7t2feVB9+Ojxk6ezc886MowFhUMa8lAcuUQCZwEcKqY4HEUCiO9y6Lpn7zPvfgYhWRh8VKMIej4ZBmzAKFE6ddLuOxegyEny2n5TT/uzC1Ztdc1uLC1jq1Zfa6wsvdWBvWwtNWxs16zxWED5aPfnpv86XkhjHwJFOZHy2LYi1UuIUIxySKtOLCEi9IwM4ViHAfFB9pJx2yl+qTMeHoRCfwKFx9niisQV5AxUWp1IEl/Kke/q5T5Rp7JsWdJkx7EarPYSFkS xgoBe7j6IOVYhzh4M9pgAqvhIB4QKpm8A01MiCFX68U22kBUXciBLnVHCORsKklaxHo4HA0enROIo+KoSZ5eIIWDnahYW6Y31AQWeJQP4QkPfJ4GXOC6cp9l1yIIEzuPx76ZXTsyB8RzQ4W0zdBVyXYboBkw1SF7E6LrvDe3Zvesw2TD4bsF3Dd4seNPg+wXfN/hWwbcMflDwA4PvFHzH4J2Cdwy+XfBtg28WfNPgrYK3DN4teNfgewXfK3ukMcr+eISXxNMvVeIExOWkJFaaLFqvSsm6TtbLSS9 7N7xQJaS8r+fm4t4Qmgu9IV4uXlkkjVSafQkWKckuoORNcspBpEnTmdetZDEuzWjpB9HqX5e4vKoRB9x2gHO9oT7mrs4yfHvQqddsffZ9aCysv8sPvBn0As2jRWSjFbSOtlEbHSKKBPqFfqM/lU+Vb5XvlR+XU+9M5Wueo4lR+fkfvlgcUQ==</latexit><latexit sha1_base64="lGbjiyS0e++2LdQBE7zgTLynBls=">AAAF13icddTNT9swFABws9GNdV+wHXexQJPYYV1SOj5uaEOAKIVOjJaJlMpxXouF84HtbCtRtNu06267bv/C/pr9N3NKQGk wlpo+vZ/9/JKmdiPOpLKsf1N37k5X7t2feVB9+Ojxk6ezc886MowFhUMa8lAcuUQCZwEcKqY4HEUCiO9y6Lpn7zPvfgYhWRh8VKMIej4ZBmzAKFE6ddLuOxegyEny2n5TT/uzC1Ztdc1uLC1jq1Zfa6wsvdWBvWwtNWxs16zxWED5aPfnpv86XkhjHwJFOZHy2LYi1UuIUIxySKtOLCEi9IwM4ViHAfFB9pJx2yl+qTMeHoRCfwKFx9niisQV5AxUWp1IEl/Kke/q5T5Rp7JsWdJkx7EarPYSFkS xgoBe7j6IOVYhzh4M9pgAqvhIB4QKpm8A01MiCFX68U22kBUXciBLnVHCORsKklaxHo4HA0enROIo+KoSZ5eIIWDnahYW6Y31AQWeJQP4QkPfJ4GXOC6cp9l1yIIEzuPx76ZXTsyB8RzQ4W0zdBVyXYboBkw1SF7E6LrvDe3Zvesw2TD4bsF3Dd4seNPg+wXfN/hWwbcMflDwA4PvFHzH4J2Cdwy+XfBtg28WfNPgrYK3DN4teNfgewXfK3ukMcr+eISXxNMvVeIExOWkJFaaLFqvSsm6TtbLSS9 7N7xQJaS8r+fm4t4Qmgu9IV4uXlkkjVSafQkWKckuoORNcspBpEnTmdetZDEuzWjpB9HqX5e4vKoRB9x2gHO9oT7mrs4yfHvQqddsffZ9aCysv8sPvBn0As2jRWSjFbSOtlEbHSKKBPqFfqM/lU+Vb5XvlR+XU+9M5Wueo4lR+fkfvlgcUQ==</latexit>
P
1/6
⇣
<latexit sha1_base64="NgRi8/r/0UtvstEyS+rbfff0rXk=">AAAF1nicddTNT9swFABww+jGui/YjrtYoEns0qUdX7uhDQGiFDoxWiRSKsd5LRbOB7azrVjZbdp1t123v2F/zf6bOSWg NBhLTZ/ez35+SVN7MWdSOc6/qel7M5X7D2YfVh89fvL02dz8846MEkHhiEY8EscekcBZCEeKKQ7HsQASeBy63vmHzLufQUgWhZ/UKIZeQIYhGzBKlEn12n33EhQ51fU3q2l/btGpLb9rrKyvY6e2utxYWVszQX3FqTfe4nrNGY9FlI92f37mr+tHNAkgVJQTKU/qTqx6mgjFKIe06iYSYkLPyRBOTBiSAGRPj7tO8SuT8fEgEuYTKjzOFldoT5BzUGl1IkkCKUeBZ5YHRJ3JsmVJm50karDe 0yyMEwUhvdp9kHCsIpw9F+wzAVTxkQkIFczcAKZnRBCqzNObbCErLuRAljqjhHM2FCStYjNcHwauSQntKviqtLtHxBCwez0Li/TW+pACz5IhfKFREJDQ164HF2l2HbJQw0Uy/tnMyok5MJ4DJrxrhqlCbsoQ04CtBsmLWN30vWk8u3cT6k2L7xV8z+LNgjctflDwA4tvF3zb4ocFP7T4bsF3Ld4peMfiOwXfsfhWwbcs3ip4y+Ldgnctvl/w/bLHBuPsj0d4SXzzUmk3JB4nJXFSveS8LiU bJtkoJ/3s3fAjpUl5X9/LxbslNBd6S/xc/LJIGqs0+xIsVpJdQsmb5IyDSHXTXTCtZDEuzWiZB9Hq35S4uqoRB9x2gXOzoTnmrs8yfHfQadTq5uz7uLy48T4/8GbRS7SAllAdraENtIPa6AhRdIF+od/oT+W48q3yvfLjaur0VL7mBZoYlZ//AcPxHCE=</latexit><latexit sha1_base64="NgRi8/r/0UtvstEyS+rbfff0rXk=">AAAF1nicddTNT9swFABww+jGui/YjrtYoEns0qUdX7uhDQGiFDoxWiRSKsd5LRbOB7azrVjZbdp1t123v2F/zf6bOSWg NBhLTZ/ez35+SVN7MWdSOc6/qel7M5X7D2YfVh89fvL02dz8846MEkHhiEY8EscekcBZCEeKKQ7HsQASeBy63vmHzLufQUgWhZ/UKIZeQIYhGzBKlEn12n33EhQ51fU3q2l/btGpLb9rrKyvY6e2utxYWVszQX3FqTfe4nrNGY9FlI92f37mr+tHNAkgVJQTKU/qTqx6mgjFKIe06iYSYkLPyRBOTBiSAGRPj7tO8SuT8fEgEuYTKjzOFldoT5BzUGl1IkkCKUeBZ5YHRJ3JsmVJm50karDe 0yyMEwUhvdp9kHCsIpw9F+wzAVTxkQkIFczcAKZnRBCqzNObbCErLuRAljqjhHM2FCStYjNcHwauSQntKviqtLtHxBCwez0Li/TW+pACz5IhfKFREJDQ164HF2l2HbJQw0Uy/tnMyok5MJ4DJrxrhqlCbsoQ04CtBsmLWN30vWk8u3cT6k2L7xV8z+LNgjctflDwA4tvF3zb4ocFP7T4bsF3Ld4peMfiOwXfsfhWwbcs3ip4y+Ldgnctvl/w/bLHBuPsj0d4SXzzUmk3JB4nJXFSveS8LiU bJtkoJ/3s3fAjpUl5X9/LxbslNBd6S/xc/LJIGqs0+xIsVpJdQsmb5IyDSHXTXTCtZDEuzWiZB9Hq35S4uqoRB9x2gXOzoTnmrs8yfHfQadTq5uz7uLy48T4/8GbRS7SAllAdraENtIPa6AhRdIF+od/oT+W48q3yvfLjaur0VL7mBZoYlZ//AcPxHCE=</latexit><latexit sha1_base64="NgRi8/r/0UtvstEyS+rbfff0rXk=">AAAF1nicddTNT9swFABww+jGui/YjrtYoEns0qUdX7uhDQGiFDoxWiRSKsd5LRbOB7azrVjZbdp1t123v2F/zf6bOSWg NBhLTZ/ez35+SVN7MWdSOc6/qel7M5X7D2YfVh89fvL02dz8846MEkHhiEY8EscekcBZCEeKKQ7HsQASeBy63vmHzLufQUgWhZ/UKIZeQIYhGzBKlEn12n33EhQ51fU3q2l/btGpLb9rrKyvY6e2utxYWVszQX3FqTfe4nrNGY9FlI92f37mr+tHNAkgVJQTKU/qTqx6mgjFKIe06iYSYkLPyRBOTBiSAGRPj7tO8SuT8fEgEuYTKjzOFldoT5BzUGl1IkkCKUeBZ5YHRJ3JsmVJm50karDe 0yyMEwUhvdp9kHCsIpw9F+wzAVTxkQkIFczcAKZnRBCqzNObbCErLuRAljqjhHM2FCStYjNcHwauSQntKviqtLtHxBCwez0Li/TW+pACz5IhfKFREJDQ164HF2l2HbJQw0Uy/tnMyok5MJ4DJrxrhqlCbsoQ04CtBsmLWN30vWk8u3cT6k2L7xV8z+LNgjctflDwA4tvF3zb4ocFP7T4bsF3Ld4peMfiOwXfsfhWwbcs3ip4y+Ldgnctvl/w/bLHBuPsj0d4SXzzUmk3JB4nJXFSveS8LiU bJtkoJ/3s3fAjpUl5X9/LxbslNBd6S/xc/LJIGqs0+xIsVpJdQsmb5IyDSHXTXTCtZDEuzWiZB9Hq35S4uqoRB9x2gXOzoTnmrs8yfHfQadTq5uz7uLy48T4/8GbRS7SAllAdraENtIPa6AhRdIF+od/oT+W48q3yvfLjaur0VL7mBZoYlZ//AcPxHCE=</latexit><latexit sha1_base64="NgRi8/r/0UtvstEyS+rbfff0rXk=">AAAF1nicddTNT9swFABww+jGui/YjrtYoEns0qUdX7uhDQGiFDoxWiRSKsd5LRbOB7azrVjZbdp1t123v2F/zf6bOSWg NBhLTZ/ez35+SVN7MWdSOc6/qel7M5X7D2YfVh89fvL02dz8846MEkHhiEY8EscekcBZCEeKKQ7HsQASeBy63vmHzLufQUgWhZ/UKIZeQIYhGzBKlEn12n33EhQ51fU3q2l/btGpLb9rrKyvY6e2utxYWVszQX3FqTfe4nrNGY9FlI92f37mr+tHNAkgVJQTKU/qTqx6mgjFKIe06iYSYkLPyRBOTBiSAGRPj7tO8SuT8fEgEuYTKjzOFldoT5BzUGl1IkkCKUeBZ5YHRJ3JsmVJm50karDe 0yyMEwUhvdp9kHCsIpw9F+wzAVTxkQkIFczcAKZnRBCqzNObbCErLuRAljqjhHM2FCStYjNcHwauSQntKviqtLtHxBCwez0Li/TW+pACz5IhfKFREJDQ164HF2l2HbJQw0Uy/tnMyok5MJ4DJrxrhqlCbsoQ04CtBsmLWN30vWk8u3cT6k2L7xV8z+LNgjctflDwA4tvF3zb4ocFP7T4bsF3Ld4peMfiOwXfsfhWwbcs3ip4y+Ldgnctvl/w/bLHBuPsj0d4SXzzUmk3JB4nJXFSveS8LiU bJtkoJ/3s3fAjpUl5X9/LxbslNBd6S/xc/LJIGqs0+xIsVpJdQsmb5IyDSHXTXTCtZDEuzWiZB9Hq35S4uqoRB9x2gXOzoTnmrs8yfHfQadTq5uz7uLy48T4/8GbRS7SAllAdraENtIPa6AhRdIF+od/oT+W48q3yvfLjaur0VL7mBZoYlZ//AcPxHCE=</latexit>
P
5/6
⇣
<latexit sha1_base64="L6AgQWIxiKJGouMBj9T85jvQ48c=">AAAF1nicddRPT9swFABww+jGun+wHXexQJPYpUuqspYb2hAgSqETo0UiXeU4ryXC+YPtbCtWdpt23W3X7TPs0+zbzCkBpcFYav r0fvbzS5rajZkvpGX9m5u/t1C5/2DxYfXR4ydPny0tP++JKOEUjmnEIn7iEgHMD+FY+pLBScyBBC6Dvnv+PvP+Z+DCj8KPchLDICDj0B/5lEidGnSHziVI8kmtv3mbDpdWrVqr0WxtrGOrtt5oNFpNHdi23dyoY7tmTccqykd3uLzw1/EimgQQSsqIEKe2FcuBIlz6lEFadRIBMaHnZAynOgxJAGKgpl2n+JXOeHgUcf0JJZ5miyuUy8k5yLQ6kySBEJPA1csDIs9E2bKkyU4TOWoNlB/GiYSQXu0+ShiWEc 6eC/Z8DlSyiQ4I5b6+AUzPCCdU6qc320JWnIuRKHVGCWP+mJO0ivVwPBg5OsWVI+GrVM4+4WPAzvUszNNb60MKLEuG8IVGQUBCTzkuXKTZdeyHCi6S6c+mV87Mgekc0OFdM3QVclOG6AZMNUhexOi67y3t2b3rUG0ZfL/g+wZvF7xt8MOCHxp8p+A7Bj8q+JHB9wq+Z/BewXsG3y34rsG3C75t8E7BOwbvF7xv8IOCH5Q91hhnfzzCSuLpl0o5IXEZKYmVqjXrdSlZ18l6Oell74YXSUXK+3puLu4tobnQW+ Ll4pVF0Fim2Rf3Yyn8Syh5m5wx4KlqOyu6lSzGpRkd/SA6w5sSV1c5YYC7DjCmN9TH3PVZhu8OevWarc++D43VzXf5gbeIXqIVtIZs1ESbaBd10TGi6AL9Qr/Rn8pJ5Vvle+XH1dT5uXzNCzQzKj//AylqHDQ=</latexit><latexit sha1_base64="L6AgQWIxiKJGouMBj9T85jvQ48c=">AAAF1nicddRPT9swFABww+jGun+wHXexQJPYpUuqspYb2hAgSqETo0UiXeU4ryXC+YPtbCtWdpt23W3X7TPs0+zbzCkBpcFYav r0fvbzS5rajZkvpGX9m5u/t1C5/2DxYfXR4ydPny0tP++JKOEUjmnEIn7iEgHMD+FY+pLBScyBBC6Dvnv+PvP+Z+DCj8KPchLDICDj0B/5lEidGnSHziVI8kmtv3mbDpdWrVqr0WxtrGOrtt5oNFpNHdi23dyoY7tmTccqykd3uLzw1/EimgQQSsqIEKe2FcuBIlz6lEFadRIBMaHnZAynOgxJAGKgpl2n+JXOeHgUcf0JJZ5miyuUy8k5yLQ6kySBEJPA1csDIs9E2bKkyU4TOWoNlB/GiYSQXu0+ShiWEc 6eC/Z8DlSyiQ4I5b6+AUzPCCdU6qc320JWnIuRKHVGCWP+mJO0ivVwPBg5OsWVI+GrVM4+4WPAzvUszNNb60MKLEuG8IVGQUBCTzkuXKTZdeyHCi6S6c+mV87Mgekc0OFdM3QVclOG6AZMNUhexOi67y3t2b3rUG0ZfL/g+wZvF7xt8MOCHxp8p+A7Bj8q+JHB9wq+Z/BewXsG3y34rsG3C75t8E7BOwbvF7xv8IOCH5Q91hhnfzzCSuLpl0o5IXEZKYmVqjXrdSlZ18l6Oell74YXSUXK+3puLu4tobnQW+ Ll4pVF0Fim2Rf3Yyn8Syh5m5wx4KlqOyu6lSzGpRkd/SA6w5sSV1c5YYC7DjCmN9TH3PVZhu8OevWarc++D43VzXf5gbeIXqIVtIZs1ESbaBd10TGi6AL9Qr/Rn8pJ5Vvle+XH1dT5uXzNCzQzKj//AylqHDQ=</latexit><latexit sha1_base64="L6AgQWIxiKJGouMBj9T85jvQ48c=">AAAF1nicddRPT9swFABww+jGun+wHXexQJPYpUuqspYb2hAgSqETo0UiXeU4ryXC+YPtbCtWdpt23W3X7TPs0+zbzCkBpcFYav r0fvbzS5rajZkvpGX9m5u/t1C5/2DxYfXR4ydPny0tP++JKOEUjmnEIn7iEgHMD+FY+pLBScyBBC6Dvnv+PvP+Z+DCj8KPchLDICDj0B/5lEidGnSHziVI8kmtv3mbDpdWrVqr0WxtrGOrtt5oNFpNHdi23dyoY7tmTccqykd3uLzw1/EimgQQSsqIEKe2FcuBIlz6lEFadRIBMaHnZAynOgxJAGKgpl2n+JXOeHgUcf0JJZ5miyuUy8k5yLQ6kySBEJPA1csDIs9E2bKkyU4TOWoNlB/GiYSQXu0+ShiWEc 6eC/Z8DlSyiQ4I5b6+AUzPCCdU6qc320JWnIuRKHVGCWP+mJO0ivVwPBg5OsWVI+GrVM4+4WPAzvUszNNb60MKLEuG8IVGQUBCTzkuXKTZdeyHCi6S6c+mV87Mgekc0OFdM3QVclOG6AZMNUhexOi67y3t2b3rUG0ZfL/g+wZvF7xt8MOCHxp8p+A7Bj8q+JHB9wq+Z/BewXsG3y34rsG3C75t8E7BOwbvF7xv8IOCH5Q91hhnfzzCSuLpl0o5IXEZKYmVqjXrdSlZ18l6Oell74YXSUXK+3puLu4tobnQW+ Ll4pVF0Fim2Rf3Yyn8Syh5m5wx4KlqOyu6lSzGpRkd/SA6w5sSV1c5YYC7DjCmN9TH3PVZhu8OevWarc++D43VzXf5gbeIXqIVtIZs1ESbaBd10TGi6AL9Qr/Rn8pJ5Vvle+XH1dT5uXzNCzQzKj//AylqHDQ=</latexit><latexit sha1_base64="L6AgQWIxiKJGouMBj9T85jvQ48c=">AAAF1nicddRPT9swFABww+jGun+wHXexQJPYpUuqspYb2hAgSqETo0UiXeU4ryXC+YPtbCtWdpt23W3X7TPs0+zbzCkBpcFYav r0fvbzS5rajZkvpGX9m5u/t1C5/2DxYfXR4ydPny0tP++JKOEUjmnEIn7iEgHMD+FY+pLBScyBBC6Dvnv+PvP+Z+DCj8KPchLDICDj0B/5lEidGnSHziVI8kmtv3mbDpdWrVqr0WxtrGOrtt5oNFpNHdi23dyoY7tmTccqykd3uLzw1/EimgQQSsqIEKe2FcuBIlz6lEFadRIBMaHnZAynOgxJAGKgpl2n+JXOeHgUcf0JJZ5miyuUy8k5yLQ6kySBEJPA1csDIs9E2bKkyU4TOWoNlB/GiYSQXu0+ShiWEc 6eC/Z8DlSyiQ4I5b6+AUzPCCdU6qc320JWnIuRKHVGCWP+mJO0ivVwPBg5OsWVI+GrVM4+4WPAzvUszNNb60MKLEuG8IVGQUBCTzkuXKTZdeyHCi6S6c+mV87Mgekc0OFdM3QVclOG6AZMNUhexOi67y3t2b3rUG0ZfL/g+wZvF7xt8MOCHxp8p+A7Bj8q+JHB9wq+Z/BewXsG3y34rsG3C75t8E7BOwbvF7xv8IOCH5Q91hhnfzzCSuLpl0o5IXEZKYmVqjXrdSlZ18l6Oell74YXSUXK+3puLu4tobnQW+ Ll4pVF0Fim2Rf3Yyn8Syh5m5wx4KlqOyu6lSzGpRkd/SA6w5sSV1c5YYC7DjCmN9TH3PVZhu8OevWarc++D43VzXf5gbeIXqIVtIZs1ESbaBd10TGi6AL9Qr/Rn8pJ5Vvle+XH1dT5uXzNCzQzKj//AylqHDQ=</latexit>
P
3/2
⇣
<latexit sha1_base64="nPDHr+FQV+biSaULx5CggV+urzI=">AAAF1nicddTNTxNBFADwAali/QI9eplATPBStx+ivRElQCiFGqQlYWszO/taJsx+MDNVy2S9Ga/evOrf4F/jf+NsWch2 GSbp9uX9Zt683W7HizmTynH+zc3fWSjdvbd4v/zg4aPHT5aWn3ZlNBYUjmjEI3HsEQmchXCkmOJwHAsggceh5529T733GYRkUfhRTWLoB2QUsiGjRJlUvzNwL0CRT7r+qpYMlladSq3ZbNSb2Kk0avVmvWqC9ddOY93B1YozHasoG53B8sJf14/oOIBQUU6kPKk6seprIhSjHJKyO5YQE3pGRnBiwpAEIPt62nWCX5iMj4eRMJ9Q4Wk2v0J7gpyBSsozSRJIOQk8szwg6lQWLU3a7GSshm/7 moXxWEFIL3cfjjlWEU6fC/aZAKr4xASECmZuANNTIghV5unNtpAWF3IoC51RwjkbCZKUsRmuD0PXpIR2FXxV2t0jYgTYvZqFRXJjfUiBp8kQvtAoCEjoa9eD8yS9jlio4Xw8/dnMypk5MJ0DJrxthqlCrssQ04CtBsmKWN30vWk8vXcT6k2L7+V8z+KtnLcsfpDzA4tv53zb4oc5P7T4bs53Ld7NedfiOznfsfhWzrcs3s552+K9nPcsvp/z/aLHBuP0j0d4QXzzUmk3JB4nBXESvea8LCR rJlkrJv303fAjpUlxX9/LxLshNBN6Q/xM/KJIGqsk/RIsVpJdQMFb5JSDSHTLXTGtpDEuzGibB9EeXJe4vKoJB9xxgXOzoTnmrs4yfHvQrVWqTqX6obG68S478BbRc7SC1lAVvUEbaAd10BGi6Bz9Qr/Rn9Jx6Vvpe+nH5dT5uWzNMzQzSj//A7jyHB8=</latexit><latexit sha1_base64="nPDHr+FQV+biSaULx5CggV+urzI=">AAAF1nicddTNTxNBFADwAali/QI9eplATPBStx+ivRElQCiFGqQlYWszO/taJsx+MDNVy2S9Ga/evOrf4F/jf+NsWch2 GSbp9uX9Zt683W7HizmTynH+zc3fWSjdvbd4v/zg4aPHT5aWn3ZlNBYUjmjEI3HsEQmchXCkmOJwHAsggceh5529T733GYRkUfhRTWLoB2QUsiGjRJlUvzNwL0CRT7r+qpYMlladSq3ZbNSb2Kk0avVmvWqC9ddOY93B1YozHasoG53B8sJf14/oOIBQUU6kPKk6seprIhSjHJKyO5YQE3pGRnBiwpAEIPt62nWCX5iMj4eRMJ9Q4Wk2v0J7gpyBSsozSRJIOQk8szwg6lQWLU3a7GSshm/7 moXxWEFIL3cfjjlWEU6fC/aZAKr4xASECmZuANNTIghV5unNtpAWF3IoC51RwjkbCZKUsRmuD0PXpIR2FXxV2t0jYgTYvZqFRXJjfUiBp8kQvtAoCEjoa9eD8yS9jlio4Xw8/dnMypk5MJ0DJrxthqlCrssQ04CtBsmKWN30vWk8vXcT6k2L7+V8z+KtnLcsfpDzA4tv53zb4oc5P7T4bs53Ld7NedfiOznfsfhWzrcs3s552+K9nPcsvp/z/aLHBuP0j0d4QXzzUmk3JB4nBXESvea8LCR rJlkrJv303fAjpUlxX9/LxLshNBN6Q/xM/KJIGqsk/RIsVpJdQMFb5JSDSHTLXTGtpDEuzGibB9EeXJe4vKoJB9xxgXOzoTnmrs4yfHvQrVWqTqX6obG68S478BbRc7SC1lAVvUEbaAd10BGi6Bz9Qr/Rn9Jx6Vvpe+nH5dT5uWzNMzQzSj//A7jyHB8=</latexit><latexit sha1_base64="nPDHr+FQV+biSaULx5CggV+urzI=">AAAF1nicddTNTxNBFADwAali/QI9eplATPBStx+ivRElQCiFGqQlYWszO/taJsx+MDNVy2S9Ga/evOrf4F/jf+NsWch2 GSbp9uX9Zt683W7HizmTynH+zc3fWSjdvbd4v/zg4aPHT5aWn3ZlNBYUjmjEI3HsEQmchXCkmOJwHAsggceh5529T733GYRkUfhRTWLoB2QUsiGjRJlUvzNwL0CRT7r+qpYMlladSq3ZbNSb2Kk0avVmvWqC9ddOY93B1YozHasoG53B8sJf14/oOIBQUU6kPKk6seprIhSjHJKyO5YQE3pGRnBiwpAEIPt62nWCX5iMj4eRMJ9Q4Wk2v0J7gpyBSsozSRJIOQk8szwg6lQWLU3a7GSshm/7 moXxWEFIL3cfjjlWEU6fC/aZAKr4xASECmZuANNTIghV5unNtpAWF3IoC51RwjkbCZKUsRmuD0PXpIR2FXxV2t0jYgTYvZqFRXJjfUiBp8kQvtAoCEjoa9eD8yS9jlio4Xw8/dnMypk5MJ0DJrxthqlCrssQ04CtBsmKWN30vWk8vXcT6k2L7+V8z+KtnLcsfpDzA4tv53zb4oc5P7T4bs53Ld7NedfiOznfsfhWzrcs3s552+K9nPcsvp/z/aLHBuP0j0d4QXzzUmk3JB4nBXESvea8LCR rJlkrJv303fAjpUlxX9/LxLshNBN6Q/xM/KJIGqsk/RIsVpJdQMFb5JSDSHTLXTGtpDEuzGibB9EeXJe4vKoJB9xxgXOzoTnmrs4yfHvQrVWqTqX6obG68S478BbRc7SC1lAVvUEbaAd10BGi6Bz9Qr/Rn9Jx6Vvpe+nH5dT5uWzNMzQzSj//A7jyHB8=</latexit><latexit sha1_base64="nPDHr+FQV+biSaULx5CggV+urzI=">AAAF1nicddTNTxNBFADwAali/QI9eplATPBStx+ivRElQCiFGqQlYWszO/taJsx+MDNVy2S9Ga/evOrf4F/jf+NsWch2 GSbp9uX9Zt683W7HizmTynH+zc3fWSjdvbd4v/zg4aPHT5aWn3ZlNBYUjmjEI3HsEQmchXCkmOJwHAsggceh5529T733GYRkUfhRTWLoB2QUsiGjRJlUvzNwL0CRT7r+qpYMlladSq3ZbNSb2Kk0avVmvWqC9ddOY93B1YozHasoG53B8sJf14/oOIBQUU6kPKk6seprIhSjHJKyO5YQE3pGRnBiwpAEIPt62nWCX5iMj4eRMJ9Q4Wk2v0J7gpyBSsozSRJIOQk8szwg6lQWLU3a7GSshm/7 moXxWEFIL3cfjjlWEU6fC/aZAKr4xASECmZuANNTIghV5unNtpAWF3IoC51RwjkbCZKUsRmuD0PXpIR2FXxV2t0jYgTYvZqFRXJjfUiBp8kQvtAoCEjoa9eD8yS9jlio4Xw8/dnMypk5MJ0DJrxthqlCrssQ04CtBsmKWN30vWk8vXcT6k2L7+V8z+KtnLcsfpDzA4tv53zb4oc5P7T4bs53Ld7NedfiOznfsfhWzrcs3s552+K9nPcsvp/z/aLHBuP0j0d4QXzzUmk3JB4nBXESvea8LCR rJlkrJv303fAjpUlxX9/LxLshNBN6Q/xM/KJIGqsk/RIsVpJdQMFb5JSDSHTLXTGtpDEuzGibB9EeXJe4vKoJB9xxgXOzoTnmrs4yfHvQrVWqTqX6obG68S478BbRc7SC1lAVvUEbaAd10BGi6Bz9Qr/Rn9Jx6Vvpe+nH5dT5uWzNMzQzSj//A7jyHB8=</latexit>
P⇣PP⇣
<latexit sha1_base64="KgwrzOsjhZf9V68kUD6cJ9WnZ18=">AAAF6HicdZTNbhMxEMfd0kAJXy0cEZLVCqlcqk2FBMcKqrZq mjaoNKnUjaJZ7yQ19X7UdoDU2hMvwA1x5caVPg1vgzfdVpuNsbTe0f83Mx7Peh2kgivteX/n5u8s1O7eW7xff/Dw0eMnS8tPOyoZSYbHLBGJPAlAoeAxHmuuBZ6kEiEKBHaD8/c5735GqXgSf9TjFHsRDGM+4Ay0lfpLL9p9/xI1UD8CfcZAmHbWN4WY9ZdWvXVvMuis 0SiMVVKMdn954coPEzaKMNZMgFKnDS/VPQNScyYwq/sjhSmwcxjiqTVjiFD1zGQfGX1plZAOEmmfWNOJWo4wgYRz1Fl9SoRIqXEU2PB8C6rKctHFTkd68LZneJyONMbsevXBSFCd0LxTNOQSmRZjawCT3G6AsjOQwLTt53QJeXKpBqpSmW2n4EMJWZ3a4Yc48K0kja/x qzb+PsghUv/Gi8psJj5mKHIxxi8siSKIQ+MHeJHl85DHBi9Gkw9pI6d8cOKD1vyfh80Ct2nAFuDKAUUSJ7d1b1l+c262HHy/xPcdvFniTQc/LPFDB98p8R0HPyrxIwffK/E9B++UeMfBd0t818G3S3zbwVsl3nLwbol3HfygxA+qPLUwzX88EBUS2kNl/BgCARXiZWbN e1URN6y4URXD/GyEiTZQXTcMChLMEFYQNkPCgoRVoliqs/wleaoVv8QKb8KZQJmZpr9iS8ltWvFo2Ua0+rcprmc9FkjbPgphF7TXXKN6qc0anY31hrfe+PB6dfNdceEtkudkhayRBnlDNskuaZNjwsg38pv8IVe1T7XvtR+1n9eu83NFzDMyNWq//gG7DSNr</latexi t><latexit sha1_base64="KgwrzOsjhZf9V68kUD6cJ9WnZ18=">AAAF6HicdZTNbhMxEMfd0kAJXy0cEZLVCqlcqk2FBMcKqrZq mjaoNKnUjaJZ7yQ19X7UdoDU2hMvwA1x5caVPg1vgzfdVpuNsbTe0f83Mx7Peh2kgivteX/n5u8s1O7eW7xff/Dw0eMnS8tPOyoZSYbHLBGJPAlAoeAxHmuuBZ6kEiEKBHaD8/c5735GqXgSf9TjFHsRDGM+4Ay0lfpLL9p9/xI1UD8CfcZAmHbWN4WY9ZdWvXVvMuis 0SiMVVKMdn954coPEzaKMNZMgFKnDS/VPQNScyYwq/sjhSmwcxjiqTVjiFD1zGQfGX1plZAOEmmfWNOJWo4wgYRz1Fl9SoRIqXEU2PB8C6rKctHFTkd68LZneJyONMbsevXBSFCd0LxTNOQSmRZjawCT3G6AsjOQwLTt53QJeXKpBqpSmW2n4EMJWZ3a4Yc48K0kja/x qzb+PsghUv/Gi8psJj5mKHIxxi8siSKIQ+MHeJHl85DHBi9Gkw9pI6d8cOKD1vyfh80Ct2nAFuDKAUUSJ7d1b1l+c262HHy/xPcdvFniTQc/LPFDB98p8R0HPyrxIwffK/E9B++UeMfBd0t818G3S3zbwVsl3nLwbol3HfygxA+qPLUwzX88EBUS2kNl/BgCARXiZWbN e1URN6y4URXD/GyEiTZQXTcMChLMEFYQNkPCgoRVoliqs/wleaoVv8QKb8KZQJmZpr9iS8ltWvFo2Ua0+rcprmc9FkjbPgphF7TXXKN6qc0anY31hrfe+PB6dfNdceEtkudkhayRBnlDNskuaZNjwsg38pv8IVe1T7XvtR+1n9eu83NFzDMyNWq//gG7DSNr</latexi t><latexit sha1_base64="KgwrzOsjhZf9V68kUD6cJ9WnZ18=">AAAF6HicdZTNbhMxEMfd0kAJXy0cEZLVCqlcqk2FBMcKqrZq mjaoNKnUjaJZ7yQ19X7UdoDU2hMvwA1x5caVPg1vgzfdVpuNsbTe0f83Mx7Peh2kgivteX/n5u8s1O7eW7xff/Dw0eMnS8tPOyoZSYbHLBGJPAlAoeAxHmuuBZ6kEiEKBHaD8/c5735GqXgSf9TjFHsRDGM+4Ay0lfpLL9p9/xI1UD8CfcZAmHbWN4WY9ZdWvXVvMuis 0SiMVVKMdn954coPEzaKMNZMgFKnDS/VPQNScyYwq/sjhSmwcxjiqTVjiFD1zGQfGX1plZAOEmmfWNOJWo4wgYRz1Fl9SoRIqXEU2PB8C6rKctHFTkd68LZneJyONMbsevXBSFCd0LxTNOQSmRZjawCT3G6AsjOQwLTt53QJeXKpBqpSmW2n4EMJWZ3a4Yc48K0kja/x qzb+PsghUv/Gi8psJj5mKHIxxi8siSKIQ+MHeJHl85DHBi9Gkw9pI6d8cOKD1vyfh80Ct2nAFuDKAUUSJ7d1b1l+c262HHy/xPcdvFniTQc/LPFDB98p8R0HPyrxIwffK/E9B++UeMfBd0t818G3S3zbwVsl3nLwbol3HfygxA+qPLUwzX88EBUS2kNl/BgCARXiZWbN e1URN6y4URXD/GyEiTZQXTcMChLMEFYQNkPCgoRVoliqs/wleaoVv8QKb8KZQJmZpr9iS8ltWvFo2Ua0+rcprmc9FkjbPgphF7TXXKN6qc0anY31hrfe+PB6dfNdceEtkudkhayRBnlDNskuaZNjwsg38pv8IVe1T7XvtR+1n9eu83NFzDMyNWq//gG7DSNr</latexi t><latexit sha1_base64="KgwrzOsjhZf9V68kUD6cJ9WnZ18=">AAAF6HicdZTNbhMxEMfd0kAJXy0cEZLVCqlcqk2FBMcKqrZq mjaoNKnUjaJZ7yQ19X7UdoDU2hMvwA1x5caVPg1vgzfdVpuNsbTe0f83Mx7Peh2kgivteX/n5u8s1O7eW7xff/Dw0eMnS8tPOyoZSYbHLBGJPAlAoeAxHmuuBZ6kEiEKBHaD8/c5735GqXgSf9TjFHsRDGM+4Ay0lfpLL9p9/xI1UD8CfcZAmHbWN4WY9ZdWvXVvMuis 0SiMVVKMdn954coPEzaKMNZMgFKnDS/VPQNScyYwq/sjhSmwcxjiqTVjiFD1zGQfGX1plZAOEmmfWNOJWo4wgYRz1Fl9SoRIqXEU2PB8C6rKctHFTkd68LZneJyONMbsevXBSFCd0LxTNOQSmRZjawCT3G6AsjOQwLTt53QJeXKpBqpSmW2n4EMJWZ3a4Yc48K0kja/x qzb+PsghUv/Gi8psJj5mKHIxxi8siSKIQ+MHeJHl85DHBi9Gkw9pI6d8cOKD1vyfh80Ct2nAFuDKAUUSJ7d1b1l+c262HHy/xPcdvFniTQc/LPFDB98p8R0HPyrxIwffK/E9B++UeMfBd0t818G3S3zbwVsl3nLwbol3HfygxA+qPLUwzX88EBUS2kNl/BgCARXiZWbN e1URN6y4URXD/GyEiTZQXTcMChLMEFYQNkPCgoRVoliqs/wleaoVv8QKb8KZQJmZpr9iS8ltWvFo2Ua0+rcprmc9FkjbPgphF7TXXKN6qc0anY31hrfe+PB6dfNdceEtkudkhayRBnlDNskuaZNjwsg38pv8IVe1T7XvtR+1n9eu83NFzDMyNWq//gG7DSNr</latexi t>
0.05 0.10 0.15 0.20
10
20
30
40
50
60
Figure 6. The probability distribution functions in the parameter region q(N − 3) − p + N − 5 ≥ 0 when
φant < δφpre (upper panel) and φant > δφpre (lower panel), respectively. We take N = 6 and N ∗e = 52.
If φant > δφpre, then φant plays no role and the integration of φi and g merely yields a proportional
constant which do not affect the probability distribution of the observables:∫
dk dg dv2 gq v2pφbound ∝
∫
dk
dPζ
Pζ
h
(p+1)
(N−3)P
(N−2)(p+1)
2(N−3)
ζ . (2.37)
Thus for φant > δφpre, we obtain
Pk ∝ h
(p+1)
(N−3) , (2.38)
PζPPζ ∝ P
(N−2)(p+1)
2(N−3)
ζ . (2.39)
Note that in the parameter region q(N−3)−p+N−5 ≥ 0, the probability distribution is parametrized
only by p but not by q.
In the parameter region where q(N − 3)− p+N − 5 < 0, the integration over g is dominated by
the lower cutoff contribution, where g = gmin  1. Recall that φant ∝ g−1/(N−3), and hence for such
a small g, φant is much larger than MP`. This means the inflaton field value at the CMB scale will
also be much larger than MP`, and therefore the assumption of small field inflation breaks down.
In Figure 6 we plot the distribution function using Eqs.(2.35), (2.36), (2.38) and (2.39) in the
parameter region q(N − 3)− p+N − 5 ≥ 0 for both φant < δφpre and φant > δφpre. Let us first look at
the upper left panel of Figure 6. We see that Pk is largely suppressed for large k as long as p ≥ −2. To
understand how the parameter p alters the probability distribution at large k, note that the functions
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fN and h behave as
fN ∝ k−1e−(N−2)kNe (2.40)
h ∝ kN−2e−(N−2)kNe (2.41)
when k →∞, and hence
Pk ∝ k
(N−2)(p+1)+1
N−3 e−
(N−2)(p+2)
N−3 kNe (2.42)
for large k. It is therefore clear that in order to solve the η-problem, one requires p ≥ −2 so that the
distribution is suppressed for large k.
The behavior of Pk for negative p can be understood as follows. Recall that the primordial
perturbation is given as
Pζ ∼ V

∼ v
4
k2φ2cmb
. (2.43)
where φcmb is the inflaton field value when the CMB scale exited the horizon. Therefore, for a fixed
Pζ , smaller v
2 requires smaller kφcmb. For a given e-folds N ∗e , the field value φcmb is in fact related to
the parameter k. For larger k, the potential is steeper and hence φcmb has to be smaller to maintain
the same number of e-folds. (This relation is explicitly shown in Figure 13 in the appendix.) The full
k-dependence of the denominator k2φ2cmb(k) is thus nontrivial, and is worked out in Eq.(B.6). It turns
out that when k decreases, k2φ2cmb(k) increases. Therefore, for a given Pζ , if v
2 is biased toward small
values as when p is negative, then k is biased toward large values. This is why large k is favored when
p is too negative, where the bias toward small k from φant is defeated.
So far we have only discussed the probability distribution in terms of k but not the observable ns.
Since the spectral index ns is a function of k only, as given in Eq.(2.12), the probability distribution of
k is sufficient to give the probabilistic information of ns. That being said, the probability distribution
of ns displays an important feature of R-symmetry new inflation which we now discuss. To this end,
we perform a change of variable from k to ns,∫
dkPk =
∫
dns
∣∣∣∣ ∂k∂ns
∣∣∣∣Pk(k(ns)) ≡ ∫ dns Pns . (2.44)
As shown in Figure 4, the function ns(k) is not monotonic and has a maximum n
max
s very close to
the observed value ns ' 0.965. These two properties have important implications in Pns we show
in Figure 7. The first feature of Pns is the jump due to non-monotonicity of ns(k). The second,
and probably more important, feature of Pns is that ns will never reach ns = 1 and Pns diverges at
nmaxs because the Jacobian factor
∣∣∣ ∂k∂ns ∣∣∣ diverges at nmaxs . Once the probability distribution of large
k (ns  1) is suppressed due to the probabilistic nature of initial field value φi, in R-symmetry new
inflation we not only can explain why ns is very close to one, but can also predict an ns 6= 1 that is
near the observed value ns ' 0.965. For N ∗e = 52 and p = −1, the probability for 0.96 < ns < nmaxs is
P0.96<ns<nmaxs =
∫ nmaxs
0.96
Pns dns∫ nmaxs
−∞
Pns dns
' 0.48 , (2.45)
and the probability distribution diverges at nmaxs ' 0.966. Note that p = −2 yields a similar result.
Move on to the probability distribution of Pζ , the upper right panel of Figure 6 shows that Pζ is
biased toward smaller values for a sufficiently negative p. This is simply because Pζ is proportional to
the inflation scale, and hence a bias toward small v2 results in a bias toward small Pζ . For p = −2, the
perturbation Pζ is biased toward small value strongly. For p = −1, Pζ is biased toward large values
only mildly. The power of PζPPζ , as shown in Eq.(2.36), is given by
p(N − 2) + (N − 1)
2(N − 3) =
(p+ 2)(N − 2)
2(N − 3) −
1
2
. (2.46)
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Figure 7. The normalized probability distribution function for k (left) and ns (right). The shaded areas
corresponds to the parameter region where ns > 0.96.
In order to solve the η-problem simultaneously, we need p ≥ −2. The most negative power we can get
for the probability of Pζ from inflationary dynamics is then −1/2.
As we mentioned in the introduction, the anthropic consideration on the post-inflation dynamics
gives an additional bias on PζPPζ that scales as P 3/2ζ for small Pζ , and scales as P−1/2ζ for large Pζ
where the turning point is at Pζ ∼ 10−8. See Figure 1. Combining this with the contribution from
inflationary evolution, we see that the power of PζPPζ should be smaller or equal to 12 , since otherwise
Pζ ∼ O(1) is much more favored than Pζ ∼ 10−9. This requires
p ≤ −2
N − 2 . (2.47)
Recall that in order to solve the η-problem, one requires p ≥ −2. Hence, to simultaneously solve the
η-problem and explain the smallness of perturbation power spectrum, we need
− 2 ≤ p ≤ −2
N − 2 . (2.48)
The probability to obtain the observed value Pζ ' 2.1 × 10−9 is maximized when p = −2: With an
anthropic bound on the density contrast δρ/ρ < O(10−4) from the property of galaxies, the probability
is O(10)%, which is reasonable.
To show the impact of the bias from φant, in the lower panel of Figure 6, we show the distribution
functions without the φant contribution originated from the probabilistic nature of the initial field value
φi, which is the case when φant > δφpre. Comparing with the upper panel, we see that this does not
affect the distribution of Pζ much. However, for the distribution of k, the probability for large k is
suppressed only for p = 0 and 1. For p = −1, without the additional suppression at large k from φant
as illustrated in the right figure of Figure 5, we have a uniform distribution in k and hence it is more
likely to find k to be of order 1, instead of order 0.01. Comparing both distributions in the lower panel
of Figure 6, it is clear that without scanning the initial condition φi, it is impossible to simultaneously
solve the η-problem and explain the smallness of Pζ .
We summarize the discussion of the (p, q) parameter space for N = 6 in Figure 8. The gray-
shaded region is where q(N − 3)− p+N − 5 < 0 and the small field assumption breaks down; the red
region is where the probability distribution of Pζ biases toward large value even though the parameter
k tends to be small; the orange region is the opposite, where the η-problem persists despite the
smallness of the perturbation power spectrum can be explained. In between the two regions we have
parameter sets that can solve both problems. Those values of (p, q) can be obtained by appropriate
choice of (p′, q′, r, s).
In claiming the existence of viable (p, q), we assume the contribution to the distribution of Pζ
from the post-inflationary dynamics shown in Figure 1. If the power of the distribution at large Pζ
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Large      favored
Small field assumption
breaks down
Figure 8. Illustration of the result in (p, q) parameter space for N = 6. The white region represents the
parameter space where both the η-problem and the smallness of cosmic perturbation can be explained.
increases/decreases because of possible biases we have not considered, the white region in Figure 8
shrinks/expands. The white region exists as long as the power is smaller than 1/2.
It is worth emphasizing again that the viable parameter sets, the white region in Figure 8, exists
because of the probabilistic nature of the inflaton initial field value φi. Without this contribution, the
window between the red and orange regions is closed. We examine in which part of the parameter
space is φant < δφpre and does the contribution of φant kick in. Recall that the amplitude of the
quantum fluctuation δφpre is proportional to M
5/2
∗ as given in Eq.(2.3). On the other hand, φant also
depends on M∗ through the superpotential coupling g. The probability distribution then has the form∫
dk dg dv2 gq v2p φbound(k, Pζ , g;M∗)
=
(N − 2)√
2(N − 3)
∫
dk
dPζ
Pζ
dg g
q(N−3)−p−1
N−3 h
(p+1)
(N−3)P
(N−2)(p+1)
2(N−3)
ζ φbound(k, Pζ , g;M∗). (2.49)
The parameter region of interest is q(N − 3)− p+N − 5 > 0. Therefore after integrating out g, the
integration is dominated by gmax = (MP`/M∗)N−2, at which
φbound(k, Pζ ;M∗) = min
[
φant(k, Pζ , gmax), δφpre
]
. (2.50)
Combining with the contribution from the anthropic constraint discussed in the introduction,
Ppost (Pζ) = min
[
(Pζ/10
−8)3/2, (Pζ/10−8)−1/2
]
, (2.51)
the net probability distribution PζPnet(k, Pζ) in the (k, Pζ) space that includes both inflationary and
post-inflationary dynamics is proportional to
h
(p+1)
(N−3)P
(N−2)(p+1)
2(N−3)
ζ min
[
φant(k, Pζ , gmax), δφpre
]
min
[
(Pζ/10
−8)3/2, (Pζ/10−8)−1/2
]
. (2.52)
The distribution PζPnet normalized with respect to PζPnet
∣∣
kobs,P
obs
ζ
for N = 6, p = −2 and M∗ =
10−2MP` is given in the left panel of Figure 9, where kobs ' 0.0134 and P obsζ ' 2.2 × 10−9 are
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(M⇤ = 10 2MP`)
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10 1
<latexit sha1_base64="lH7+dN/G3PQ3Q6p3iqr5TOzfcwM=">AAAF0HicddRPb9MwFABwb6wwyr8Njl yiTUjjwJRMSOw4iWmr1nYbjLWTljK9OK+dVefPbAdWrAhx5cYVPgafhm+D04UpTY2lpk/vZz+/pKmDlDOpXPfPwuKdpcbde8v3mw8ePnr8ZGX1aU8mmaB4ShOeiLMAJHIW46liiuNZKhCigGM/GL8tvP8JhWRJ/EFNU hxEMIrZkFFQJtX33I/6lZdfrKy7m+50OPOBVwbrpBzHF6tLv/0woVmEsaIcpDz33FQNNAjFKMe86WcSU6BjGOG5CWOIUA70tN/ceWEyoTNMhPnEyplmqyt0IGCMKm/OJCGSchIFZnkE6lLWrUja7DxTw+2BZnGaKYzp ze7DjDsqcYon4oRMIFV8YgKggpkbcOglCKDKPLfZForiQg5lrTMKnLORgLzpmOGHOPRNSmhf4bXSfgfECB3/3yxH5HPrY4q8SMb4mSZRBHGo/QCv8uI6YrHGq2z6g5mVM3NwOgdN+L8ZpgrclgHTgK0GlEWsbvreNV7 cuwn1rsU7Fe9YvF3xtsWPKn5k8f2K71v8pOInFj+o+IHFexXvWbxV8ZbF9yq+Z/FuxbsW71e8b/HDih/WPTWYFn884DUJzUul/RgCDjVxc73hvqwlt0xyq54Mi3cjTJSG+r5hUEowJ7QUOidhKWFdJE1VXnwJlirJvm DN23DJUeS67a+ZVorYqc3omgfRvbgtcXNVE47OsY+cmw3NMefVD7X5oLe16bmb3rvX6zvb5YG3TJ6TNbJBPPKG7JAWOSanhJIx+UF+kl+N943rxtfGt5upiwvlmmdkZjS+/wUXqRj2</latexit><latexit sha1_base64="lH7+dN/G3PQ3Q6p3iqr5TOzfcwM=">AAAF0HicddRPb9MwFABwb6wwyr8Njl yiTUjjwJRMSOw4iWmr1nYbjLWTljK9OK+dVefPbAdWrAhx5cYVPgafhm+D04UpTY2lpk/vZz+/pKmDlDOpXPfPwuKdpcbde8v3mw8ePnr8ZGX1aU8mmaB4ShOeiLMAJHIW46liiuNZKhCigGM/GL8tvP8JhWRJ/EFNU hxEMIrZkFFQJtX33I/6lZdfrKy7m+50OPOBVwbrpBzHF6tLv/0woVmEsaIcpDz33FQNNAjFKMe86WcSU6BjGOG5CWOIUA70tN/ceWEyoTNMhPnEyplmqyt0IGCMKm/OJCGSchIFZnkE6lLWrUja7DxTw+2BZnGaKYzp ze7DjDsqcYon4oRMIFV8YgKggpkbcOglCKDKPLfZForiQg5lrTMKnLORgLzpmOGHOPRNSmhf4bXSfgfECB3/3yxH5HPrY4q8SMb4mSZRBHGo/QCv8uI6YrHGq2z6g5mVM3NwOgdN+L8ZpgrclgHTgK0GlEWsbvreNV7 cuwn1rsU7Fe9YvF3xtsWPKn5k8f2K71v8pOInFj+o+IHFexXvWbxV8ZbF9yq+Z/FuxbsW71e8b/HDih/WPTWYFn884DUJzUul/RgCDjVxc73hvqwlt0xyq54Mi3cjTJSG+r5hUEowJ7QUOidhKWFdJE1VXnwJlirJvm DN23DJUeS67a+ZVorYqc3omgfRvbgtcXNVE47OsY+cmw3NMefVD7X5oLe16bmb3rvX6zvb5YG3TJ6TNbJBPPKG7JAWOSanhJIx+UF+kl+N943rxtfGt5upiwvlmmdkZjS+/wUXqRj2</latexit><latexit sha1_base64="lH7+dN/G3PQ3Q6p3iqr5TOzfcwM=">AAAF0HicddRPb9MwFABwb6wwyr8Njl yiTUjjwJRMSOw4iWmr1nYbjLWTljK9OK+dVefPbAdWrAhx5cYVPgafhm+D04UpTY2lpk/vZz+/pKmDlDOpXPfPwuKdpcbde8v3mw8ePnr8ZGX1aU8mmaB4ShOeiLMAJHIW46liiuNZKhCigGM/GL8tvP8JhWRJ/EFNU hxEMIrZkFFQJtX33I/6lZdfrKy7m+50OPOBVwbrpBzHF6tLv/0woVmEsaIcpDz33FQNNAjFKMe86WcSU6BjGOG5CWOIUA70tN/ceWEyoTNMhPnEyplmqyt0IGCMKm/OJCGSchIFZnkE6lLWrUja7DxTw+2BZnGaKYzp ze7DjDsqcYon4oRMIFV8YgKggpkbcOglCKDKPLfZForiQg5lrTMKnLORgLzpmOGHOPRNSmhf4bXSfgfECB3/3yxH5HPrY4q8SMb4mSZRBHGo/QCv8uI6YrHGq2z6g5mVM3NwOgdN+L8ZpgrclgHTgK0GlEWsbvreNV7 cuwn1rsU7Fe9YvF3xtsWPKn5k8f2K71v8pOInFj+o+IHFexXvWbxV8ZbF9yq+Z/FuxbsW71e8b/HDih/WPTWYFn884DUJzUul/RgCDjVxc73hvqwlt0xyq54Mi3cjTJSG+r5hUEowJ7QUOidhKWFdJE1VXnwJlirJvm DN23DJUeS67a+ZVorYqc3omgfRvbgtcXNVE47OsY+cmw3NMefVD7X5oLe16bmb3rvX6zvb5YG3TJ6TNbJBPPKG7JAWOSanhJIx+UF+kl+N943rxtfGt5upiwvlmmdkZjS+/wUXqRj2</latexit><latexit sha1_base64="lH7+dN/G3PQ3Q6p3iqr5TOzfcwM=">AAAF0HicddRPb9MwFABwb6wwyr8Njl yiTUjjwJRMSOw4iWmr1nYbjLWTljK9OK+dVefPbAdWrAhx5cYVPgafhm+D04UpTY2lpk/vZz+/pKmDlDOpXPfPwuKdpcbde8v3mw8ePnr8ZGX1aU8mmaB4ShOeiLMAJHIW46liiuNZKhCigGM/GL8tvP8JhWRJ/EFNU hxEMIrZkFFQJtX33I/6lZdfrKy7m+50OPOBVwbrpBzHF6tLv/0woVmEsaIcpDz33FQNNAjFKMe86WcSU6BjGOG5CWOIUA70tN/ceWEyoTNMhPnEyplmqyt0IGCMKm/OJCGSchIFZnkE6lLWrUja7DxTw+2BZnGaKYzp ze7DjDsqcYon4oRMIFV8YgKggpkbcOglCKDKPLfZForiQg5lrTMKnLORgLzpmOGHOPRNSmhf4bXSfgfECB3/3yxH5HPrY4q8SMb4mSZRBHGo/QCv8uI6YrHGq2z6g5mVM3NwOgdN+L8ZpgrclgHTgK0GlEWsbvreNV7 cuwn1rsU7Fe9YvF3xtsWPKn5k8f2K71v8pOInFj+o+IHFexXvWbxV8ZbF9yq+Z/FuxbsW71e8b/HDih/WPTWYFn884DUJzUul/RgCDjVxc73hvqwlt0xyq54Mi3cjTJSG+r5hUEowJ7QUOidhKWFdJE1VXnwJlirJvm DN23DJUeS67a+ZVorYqc3omgfRvbgtcXNVE47OsY+cmw3NMefVD7X5oLe16bmb3rvX6zvb5YG3TJ6TNbJBPPKG7JAWOSanhJIx+UF+kl+N943rxtfGt5upiwvlmmdkZjS+/wUXqRj2</latexit>
10 2
<latexit sha1_base64="Mcq5nEPxanejBHB2L71QPTqqGEU=">AAAF0HicddRPb9MwFABwb6wwyr8Njl yiTUjjwJRUSOw4iWmb1nUbjLWTljK9OK+tVefPbAdWrAhx5cYVPgafhm+D04UpTY2lpk/vZz+/pKmDlDOpXPfPwuKdpcbde8v3mw8ePnr8ZGX1aVcmmaB4RhOeiPMAJHIW45liiuN5KhCigGMvGL8tvPcJhWRJ/EFNU uxHMIzZgFFQJtXz3I/6VSu/XFl3N93pcOYDrwzWSTlOLleXfvthQrMIY0U5SHnhuanqaxCKUY55088kpkDHMMQLE8YQoezrab+588JkQmeQCPOJlTPNVlfoQMAYVd6cSUIk5SQKzPII1EjWrUja7CJTg62+ZnGaKYzp ze6DjDsqcYon4oRMIFV8YgKggpkbcOgIBFBlnttsC0VxIQey1hkFztlQQN50zPBDHPgmJbSv8Fpp/xDEEB3/3yxH5HPrY4q8SMb4mSZRBHGo/QCv8uI6ZLHGq2z6g5mVM3NwOgdN+L8ZpgrclgHTgK0GlEWsbvreMV7 cuwn1jsUPK35o8XbF2xY/rvixxfcqvmfx04qfWvyg4gcW71a8a/H9iu9bfLfiuxbvVLxj8V7FexY/qvhR3VODafHHA16T0LxU2o8h4FATN9cb7stasmWSrXoyLN6NMFEa6vuGQSnBnNBS6JyEpYR1kTRVefElWKok+4 I1b8OIo8h1218zrRSxU5vRMQ+ic3lb4uaqJhydEx85NxuaY86rH2rzQbe16bmb3rvX69tb5YG3TJ6TNbJBPPKGbJN9ckLOCCVj8oP8JL8a7xvXja+NbzdTFxfKNc/IzGh8/wsdEBj3</latexit><latexit sha1_base64="Mcq5nEPxanejBHB2L71QPTqqGEU=">AAAF0HicddRPb9MwFABwb6wwyr8Njl yiTUjjwJRUSOw4iWmb1nUbjLWTljK9OK+tVefPbAdWrAhx5cYVPgafhm+D04UpTY2lpk/vZz+/pKmDlDOpXPfPwuKdpcbde8v3mw8ePnr8ZGX1aVcmmaB4RhOeiPMAJHIW45liiuN5KhCigGMvGL8tvPcJhWRJ/EFNU uxHMIzZgFFQJtXz3I/6VSu/XFl3N93pcOYDrwzWSTlOLleXfvthQrMIY0U5SHnhuanqaxCKUY55088kpkDHMMQLE8YQoezrab+588JkQmeQCPOJlTPNVlfoQMAYVd6cSUIk5SQKzPII1EjWrUja7CJTg62+ZnGaKYzp ze6DjDsqcYon4oRMIFV8YgKggpkbcOgIBFBlnttsC0VxIQey1hkFztlQQN50zPBDHPgmJbSv8Fpp/xDEEB3/3yxH5HPrY4q8SMb4mSZRBHGo/QCv8uI6ZLHGq2z6g5mVM3NwOgdN+L8ZpgrclgHTgK0GlEWsbvreMV7 cuwn1jsUPK35o8XbF2xY/rvixxfcqvmfx04qfWvyg4gcW71a8a/H9iu9bfLfiuxbvVLxj8V7FexY/qvhR3VODafHHA16T0LxU2o8h4FATN9cb7stasmWSrXoyLN6NMFEa6vuGQSnBnNBS6JyEpYR1kTRVefElWKok+4 I1b8OIo8h1218zrRSxU5vRMQ+ic3lb4uaqJhydEx85NxuaY86rH2rzQbe16bmb3rvX69tb5YG3TJ6TNbJBPPKGbJN9ckLOCCVj8oP8JL8a7xvXja+NbzdTFxfKNc/IzGh8/wsdEBj3</latexit><latexit sha1_base64="Mcq5nEPxanejBHB2L71QPTqqGEU=">AAAF0HicddRPb9MwFABwb6wwyr8Njl yiTUjjwJRUSOw4iWmb1nUbjLWTljK9OK+tVefPbAdWrAhx5cYVPgafhm+D04UpTY2lpk/vZz+/pKmDlDOpXPfPwuKdpcbde8v3mw8ePnr8ZGX1aVcmmaB4RhOeiPMAJHIW45liiuN5KhCigGMvGL8tvPcJhWRJ/EFNU uxHMIzZgFFQJtXz3I/6VSu/XFl3N93pcOYDrwzWSTlOLleXfvthQrMIY0U5SHnhuanqaxCKUY55088kpkDHMMQLE8YQoezrab+588JkQmeQCPOJlTPNVlfoQMAYVd6cSUIk5SQKzPII1EjWrUja7CJTg62+ZnGaKYzp ze6DjDsqcYon4oRMIFV8YgKggpkbcOgIBFBlnttsC0VxIQey1hkFztlQQN50zPBDHPgmJbSv8Fpp/xDEEB3/3yxH5HPrY4q8SMb4mSZRBHGo/QCv8uI6ZLHGq2z6g5mVM3NwOgdN+L8ZpgrclgHTgK0GlEWsbvreMV7 cuwn1jsUPK35o8XbF2xY/rvixxfcqvmfx04qfWvyg4gcW71a8a/H9iu9bfLfiuxbvVLxj8V7FexY/qvhR3VODafHHA16T0LxU2o8h4FATN9cb7stasmWSrXoyLN6NMFEa6vuGQSnBnNBS6JyEpYR1kTRVefElWKok+4 I1b8OIo8h1218zrRSxU5vRMQ+ic3lb4uaqJhydEx85NxuaY86rH2rzQbe16bmb3rvX69tb5YG3TJ6TNbJBPPKGbJN9ckLOCCVj8oP8JL8a7xvXja+NbzdTFxfKNc/IzGh8/wsdEBj3</latexit><latexit sha1_base64="Mcq5nEPxanejBHB2L71QPTqqGEU=">AAAF0HicddRPb9MwFABwb6wwyr8Njl yiTUjjwJRUSOw4iWmb1nUbjLWTljK9OK+tVefPbAdWrAhx5cYVPgafhm+D04UpTY2lpk/vZz+/pKmDlDOpXPfPwuKdpcbde8v3mw8ePnr8ZGX1aVcmmaB4RhOeiPMAJHIW45liiuN5KhCigGMvGL8tvPcJhWRJ/EFNU uxHMIzZgFFQJtXz3I/6VSu/XFl3N93pcOYDrwzWSTlOLleXfvthQrMIY0U5SHnhuanqaxCKUY55088kpkDHMMQLE8YQoezrab+588JkQmeQCPOJlTPNVlfoQMAYVd6cSUIk5SQKzPII1EjWrUja7CJTg62+ZnGaKYzp ze6DjDsqcYon4oRMIFV8YgKggpkbcOgIBFBlnttsC0VxIQey1hkFztlQQN50zPBDHPgmJbSv8Fpp/xDEEB3/3yxH5HPrY4q8SMb4mSZRBHGo/QCv8uI6ZLHGq2z6g5mVM3NwOgdN+L8ZpgrclgHTgK0GlEWsbvreMV7 cuwn1jsUPK35o8XbF2xY/rvixxfcqvmfx04qfWvyg4gcW71a8a/H9iu9bfLfiuxbvVLxj8V7FexY/qvhR3VODafHHA16T0LxU2o8h4FATN9cb7stasmWSrXoyLN6NMFEa6vuGQSnBnNBS6JyEpYR1kTRVefElWKok+4 I1b8OIo8h1218zrRSxU5vRMQ+ic3lb4uaqJhydEx85NxuaY86rH2rzQbe16bmb3rvX69tb5YG3TJ6TNbJBPPKGbJN9ckLOCCVj8oP8JL8a7xvXja+NbzdTFxfKNc/IzGh8/wsdEBj3</latexit>
10 3
<latexit sha1_base64="CgtEhPyUz5mJ65ecepEFnm8MzdM=">AAAF0HicddRPb9MwFABwb6wwyr8Njl yiTUjjwJR0SOw4iWmb1nUbjLWTljK9OK+dVefPbAdWrAhx5cYVPgafhm+D04UpTY2lpk/vZz+/pKmDlDOpXPfP3Pydhcbde4v3mw8ePnr8ZGn5aVcmmaB4ShOeiLMAJHIW46liiuNZKhCigGMvGL0tvPcJhWRJ/EGNU +xHMIzZgFFQJtXz3I/61UZ+sbTqrruT4cwGXhmsknIcXywv/PbDhGYRxopykPLcc1PV1yAUoxzzpp9JTIGOYIjnJowhQtnXk35z54XJhM4gEeYTK2eSra7QgYARqrw5lYRIynEUmOURqEtZtyJps/NMDTb7msVppjCm N7sPMu6oxCmeiBMygVTxsQmACmZuwKGXIIAq89ymWyiKCzmQtc4ocM6GAvKmY4Yf4sA3KaF9hddK+wcghuj4/2Y5Ip9ZH1PkRTLGzzSJIohD7Qd4lRfXIYs1XmWTH8ysnJqDkzlowv/NMFXgtgyYBmw1oCxiddP3tvH i3k2oty1+UPEDi7cr3rb4UcWPLL5b8V2Ln1T8xOL7Fd+3eLfiXYvvVXzP4jsV37F4p+Idi/cq3rP4YcUP654aTIs/HvCahOal0n4MAYeauLlec1/Wki2TbNWTYfFuhInSUN83DEoJZoSWQmckLCWsi6SpyosvwVIl2R eseRsuOYpct/0V00oRO7UZHfMgOhe3JW6uaszROfaRc7OhOea8+qE2G3Rb65677r17vbq1WR54i+Q5WSFrxCNvyBbZI8fklFAyIj/IT/Kr8b5x3fja+HYzdX6uXPOMTI3G978idxj4</latexit><latexit sha1_base64="CgtEhPyUz5mJ65ecepEFnm8MzdM=">AAAF0HicddRPb9MwFABwb6wwyr8Njl yiTUjjwJR0SOw4iWmb1nUbjLWTljK9OK+dVefPbAdWrAhx5cYVPgafhm+D04UpTY2lpk/vZz+/pKmDlDOpXPfP3Pydhcbde4v3mw8ePnr8ZGn5aVcmmaB4ShOeiLMAJHIW46liiuNZKhCigGMvGL0tvPcJhWRJ/EGNU +xHMIzZgFFQJtXz3I/61UZ+sbTqrruT4cwGXhmsknIcXywv/PbDhGYRxopykPLcc1PV1yAUoxzzpp9JTIGOYIjnJowhQtnXk35z54XJhM4gEeYTK2eSra7QgYARqrw5lYRIynEUmOURqEtZtyJps/NMDTb7msVppjCm N7sPMu6oxCmeiBMygVTxsQmACmZuwKGXIIAq89ymWyiKCzmQtc4ocM6GAvKmY4Yf4sA3KaF9hddK+wcghuj4/2Y5Ip9ZH1PkRTLGzzSJIohD7Qd4lRfXIYs1XmWTH8ysnJqDkzlowv/NMFXgtgyYBmw1oCxiddP3tvH i3k2oty1+UPEDi7cr3rb4UcWPLL5b8V2Ln1T8xOL7Fd+3eLfiXYvvVXzP4jsV37F4p+Idi/cq3rP4YcUP654aTIs/HvCahOal0n4MAYeauLlec1/Wki2TbNWTYfFuhInSUN83DEoJZoSWQmckLCWsi6SpyosvwVIl2R eseRsuOYpct/0V00oRO7UZHfMgOhe3JW6uaszROfaRc7OhOea8+qE2G3Rb65677r17vbq1WR54i+Q5WSFrxCNvyBbZI8fklFAyIj/IT/Kr8b5x3fja+HYzdX6uXPOMTI3G978idxj4</latexit><latexit sha1_base64="CgtEhPyUz5mJ65ecepEFnm8MzdM=">AAAF0HicddRPb9MwFABwb6wwyr8Njl yiTUjjwJR0SOw4iWmb1nUbjLWTljK9OK+dVefPbAdWrAhx5cYVPgafhm+D04UpTY2lpk/vZz+/pKmDlDOpXPfP3Pydhcbde4v3mw8ePnr8ZGn5aVcmmaB4ShOeiLMAJHIW46liiuNZKhCigGMvGL0tvPcJhWRJ/EGNU +xHMIzZgFFQJtXz3I/61UZ+sbTqrruT4cwGXhmsknIcXywv/PbDhGYRxopykPLcc1PV1yAUoxzzpp9JTIGOYIjnJowhQtnXk35z54XJhM4gEeYTK2eSra7QgYARqrw5lYRIynEUmOURqEtZtyJps/NMDTb7msVppjCm N7sPMu6oxCmeiBMygVTxsQmACmZuwKGXIIAq89ymWyiKCzmQtc4ocM6GAvKmY4Yf4sA3KaF9hddK+wcghuj4/2Y5Ip9ZH1PkRTLGzzSJIohD7Qd4lRfXIYs1XmWTH8ysnJqDkzlowv/NMFXgtgyYBmw1oCxiddP3tvH i3k2oty1+UPEDi7cr3rb4UcWPLL5b8V2Ln1T8xOL7Fd+3eLfiXYvvVXzP4jsV37F4p+Idi/cq3rP4YcUP654aTIs/HvCahOal0n4MAYeauLlec1/Wki2TbNWTYfFuhInSUN83DEoJZoSWQmckLCWsi6SpyosvwVIl2R eseRsuOYpct/0V00oRO7UZHfMgOhe3JW6uaszROfaRc7OhOea8+qE2G3Rb65677r17vbq1WR54i+Q5WSFrxCNvyBbZI8fklFAyIj/IT/Kr8b5x3fja+HYzdX6uXPOMTI3G978idxj4</latexit><latexit sha1_base64="CgtEhPyUz5mJ65ecepEFnm8MzdM=">AAAF0HicddRPb9MwFABwb6wwyr8Njl yiTUjjwJR0SOw4iWmb1nUbjLWTljK9OK+dVefPbAdWrAhx5cYVPgafhm+D04UpTY2lpk/vZz+/pKmDlDOpXPfP3Pydhcbde4v3mw8ePnr8ZGn5aVcmmaB4ShOeiLMAJHIW46liiuNZKhCigGMvGL0tvPcJhWRJ/EGNU +xHMIzZgFFQJtXz3I/61UZ+sbTqrruT4cwGXhmsknIcXywv/PbDhGYRxopykPLcc1PV1yAUoxzzpp9JTIGOYIjnJowhQtnXk35z54XJhM4gEeYTK2eSra7QgYARqrw5lYRIynEUmOURqEtZtyJps/NMDTb7msVppjCm N7sPMu6oxCmeiBMygVTxsQmACmZuwKGXIIAq89ymWyiKCzmQtc4ocM6GAvKmY4Yf4sA3KaF9hddK+wcghuj4/2Y5Ip9ZH1PkRTLGzzSJIohD7Qd4lRfXIYs1XmWTH8ysnJqDkzlowv/NMFXgtgyYBmw1oCxiddP3tvH i3k2oty1+UPEDi7cr3rb4UcWPLL5b8V2Ln1T8xOL7Fd+3eLfiXYvvVXzP4jsV37F4p+Idi/cq3rP4YcUP654aTIs/HvCahOal0n4MAYeauLlec1/Wki2TbNWTYfFuhInSUN83DEoJZoSWQmckLCWsi6SpyosvwVIl2R eseRsuOYpct/0V00oRO7UZHfMgOhe3JW6uaszROfaRc7OhOea8+qE2G3Rb65677r17vbq1WR54i+Q5WSFrxCNvyBbZI8fklFAyIj/IT/Kr8b5x3fja+HYzdX6uXPOMTI3G978idxj4</latexit>
10 4
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Figure 9. The contour plot of
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for N = 6, p = −2 and M∗ = 10−2MP` (M∗ = 10−1MP`) on the
left (right). To the right of the blue dashed line, φant < δφpre and hence the anthropic constraints φi < φant
contributes to the probability distribution. The blue star marks the point (kobs, P
obs
ζ )
the observed value for the parameter k and the cosmic perturbation Pζ respectively and (kobs, P
obs
ζ )
is marked by the blue star. To the right of the blue dashed line, φant < δφpre and the anthropic
constraints φant plays an important role to solve the η-problem. The observed point (kobs, P
obs
ζ ) lies
deep inside the region and hence the proposed scenario can indeed explain the nearly scale invariant
small cosmic perturbation. Note that the cusps at Pζ ∼ 10−8 originate from the turning point
of Ppost(Pζ), while the cusps at the blue dashed line are due to min
[
φant(k, Pζ , gmax), δφpre
]
. The
distribution for M∗ = 10−1MP` is given in the right panel, where the blue dashed line is absent
because δφpre ∝M5/2∗ is always larger than φant.
3 Summary and Discussion
In this work we have investigated the typicality of the small and nearly scale-invariant perturbation
in the landscape. Anthropic consideration of the cosmological constant yields a probability of Pζ that
biases toward large perturbation, until the anthropic constraint due to the density of the galaxy kicks
in. In order for the observed small Pζ ∼ 10−9 to be typical, the inflationary evolution has to give a
bias toward small Pζ . Closeness of the spectral index to the unity should be also explained.
We consider the following scenario that naturally fits into the landscape scenario: The inflaton
is coupled to a singlet scalar field that was initially trapped in a metastable vacuum and drove a
precedent inflation. After the quantum tunneling of the singlet field, the universe became an open
FRW universe dominated by the curvature energy density while the singlet field rolled down to a
stable vacuum with negligible energy density. After a sufficient period of cosmic expansion, when
the curvature energy density dropped below the potential energy of the inflaton, the inflation which
explains the flatness of the universe and the cosmic perturbation occurred.
In this scenario, the inflaton field value is homogeneous inside the horizon because of the trap-
ping during the precedent inflation. However, after the quantum tunneling the universe is curvature
dominated and the trapping is no longer effective. As a result quantum fluctuation of long wavelength
modes produced during the precedent inflation survive, which leads to a probabilistic nature of the
initial field value of the inflaton. As the inflaton tends to start from the an initial condition away
15
from the origin, the anthropic lower bound on the total number of e-folding during inflation favors the
inflaton potential flatter around the origin, namely a smaller η parameter.
We investigated a supersymmetric new inflation model in detail. We find that for certain dis-
tributions of the parameters, the probability to obtain Pζ ∼ 10−9 is O(10)%, while the observed ns
is favored. We emphasize that both the model-building and the anthropic selection from the land-
scape play important roles in explaining the observed properties of the cosmic perturbation, Pζ and
ns− 1. From the model-building side, the distribution function of the model parameters, which is not
uniform owing to the supersymmetry and the R symmetry, yields the distribution of Pζ not biased
toward large values. From the landscape side, the requirement of large enough number of e-foldings
and the probabilistic nature of the initial inflaton field value set by the precedent inflation dynamics
favor small η parameter, thereby explaining the observed ns.
The result is encouraging for the project on understanding the universe by the anthropic principle
in the landscape. Further study is required toward this goal. For instance, in this paper we assume
the contribution to the distribution of Pζ from the post-inflationary dynamics shown in Figure 1. As
we comment in Sec. 2.3, our result holds qualitatively as long as the power of the distribution at large
Pζ is smaller than 1/2. It will be important to investigate the distribution at large Pζ more carefully,
taking into account the effect of e.g. the behavior of proto-galaxies.
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A Fine-tuning in General New Inflation
In the appendix we study fine-tuning problems in general new-inflation-type models. The only sym-
metry we impose here is Z2 symmetry, where the most generic potential is of the form
V (φ) = M4P`
[
V0 +
∞∑
n=1
c2n
(
φ
MP`
)2n]
. (A.1)
Hereafter we will work in the Planck unit where the reduced Planck mass MP` is set to unity. We
study how much fine-tuning is required to yield the observed perturbation amplitude and spectrum. We
assume that the probability distributions for the dimensionless coefficients V0 and |c2n|’s are uniform
between zero and one, and vanish outside this interval. Certainly, not all possible values of c2n allow
inflation, as slow-roll conditions
 =
1
2
(
V ′
V
)2
' 1
2
(∑∞
n=1 2n c2nφ
2n−1
V0
)2
, (A.2)
η =
V ′′
V
'
∑∞
n=1 2n(2n− 1)c2nφ2n−2
V0
, (A.3)
are violated if coefficients are too large. The primes in the above equations denote derivative with
respect to φ. The parameter region in the {c2, c4, c6, ...}-space where inflation can occur and generate
the observed power spectrum is bounded by some cmax2n for each c2n. As we will see below, c
max
2n ’s are
16
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Figure 10. For new inflation, the inflationary expansion occur mostly on the hilltop where φ is close to the
origin. The inflation ends at φend where the potential violates the slow-roll condition and φend  φcmb.
determined by the energy scale parameter V0. As we assume the probability distribution is uniform,
the probability to have the inflation to occur around the energy scale V0 is
P ∝
∫ φant
0
dφi
∫
dV0
∞∏
n=1
(∫ cmax2n
0
dc2n
)
∝ V0φant
∞∏
n=1
cmax2n . (A.4)
Note that we have simplified the problem by assuming cmax2n ’s are independent on each other and a
more detailed treatment will result in a probability slightly smaller than Eq.(A.4). Nevertheless, the
main takeaway we can learn from such analysis will not be affected as we will explain below. Also
note that we have included the probability distribution of the inflaton initial field value as advocated
in Sec.2.1, and impose the anthropic constraint that inflation needs to last for more than N ante .
To find what cmax2n is, we need to first know the field value φend when the inflation ends. This is
determined by the number of e-folds N ∗e between horizon exit and the end of the inflation, the inflation
energy scale V0, and the perturbation power spectrum Pζ . In particular, one has
Ne =
∫
H dt =
∫
H
φ˙
dφ = −
∫
V
V ′
dφ =
∫
dφ√
2
' φend − φcmb√
2
=
∆φ√
2
,
∆φ ≡φend − φcmb, (A.5)
where we assumed the  parameter to be nearly constant over the period of inflation. Its value can be
determined by the perturbation power spectrum,
 =
1
24pi2
V0
Pζ
. (A.6)
For potentials of a new inflation type, we typically have ∆φ ' φend. For example, for the potential
V = a− 1
2
b φ2 − cnφn, (A.7)
for which the relation between φend and φcmb is explicitly computed in Appendix B, the ratio φend/φcmb
depends only on the parameter k ≡ b/a and is plotted in the right of Figure 10. We see that the ratio
grows for larger k, which is not surprising as a larger k requires a smaller φcmb to maintain the same
e-folds of inflation. As ∆φ = φend − φcmb and φend & φcmb, we actually have ∆φ ' φend and hance
φend ' N
∗
e√
12pi
√
V0
Pζ
. (A.8)
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We define c2n to be the value of c2n such that the c2nφ
2n
end term alone in Eq.(A.2) can violate the 
slow-roll condition, i.e.
1
2
(
2nc2nφ
2n−1
end
V0
)2
= 1, (A.9)
which yields
c2n =
V0√
2n
(N ∗e 2V0
12pi2Pζ
) 1−2n
2
. (A.10)
Similarly, we define cη2n such that the c2nφ
2n
end term alone in Eq.(A.3) can violate the η slow-roll condi-
tion, which yields
cη2n =
V0
2n(2n− 1)
(N ∗e 2V0
12pi2Pζ
)1−n
. (A.11)
We then define cmax2n to be the minimum of c

2n, c
η
2n and one,
cmax2n = Min
[
c2n, c
η
2n, 1
]
. (A.12)
Lastly, we estimate φant originating from scanning over the initial inflaton field value. From the
total number of e-folds, we have
N tote = −
∫
V
V ′
dφ '
∫
V0∑
2n c2n φ2n−1
dφ '
∫
V0∑
2n cη2n φ
2n−1 dφ '
∫
V0
2n cη2n φ
2n−1 dφ (A.13)
where in the third equality we used cη2n to replace cn because when the potential terms are relevant to
the inflationary dynamics, their coefficients will be bounded by cmax2n and c
η
2n < c

2n when the energy
scale V0 is small. In the last equality, we approximated the summation by the n-th term because all
the relevant potential terms are comparable. After performing the integral from φi to φend, because
the integral is dominated by the φi term, we obtain
N tote '
2n− 1
2(n− 1)
(
12pi2Pζ
N ∗e 2V0
)1−n
φ
2(1−n)
i , (A.14)
which gives
φant ∝
√
V0
Pζ
. (A.15)
The probability P ∝ V0φant
∏∞
n=1 c
max
2n is a function of V0 and Pζ . We plot the unnormalized
probability function in the left panel of Figure 11 for three different Pζ ’s. One can see that the
probability is strongly biased toward large perturbation. In addition, there are several kinks along
each curves. To understand these kinks more, it is illustrative to plot the first few cmax2n ’s. In the right
panel of Figure 11, we see that the coefficients for higher dimensional operators, those with n ≥ 3,
have cmax2n = 1 for small V0. This is because φend ∝
√
V0 as shown in Eq.(A.8) and hence for small V0,
the higher-dimensional operators are Planck-suppressed and irrelevant to inflationary dynamics. This
is also the reason why assuming cmax2n ’s are independent on each other does not change the qualitative
result. Only the lower dimensional coefficients can affect the higher ones but not vice versa. As we
increase the inflation energy scale, the field displacement becomes larger and hence higher-dimensional
operators become relevant and their required coefficients start to decrease from one. This translates to
the kinks shown in the left panel of Figure 11. For instance, in Figure 11 we see that, for Pζ = 10
−9,
V0 ∼ 10−17 indicated by the orange dashed line is precisely the scale where the octet term starts
to be relevant and require fine-tuning. Also note that, regardless of the value of Pζ , the amount of
fine-tuning is minimal when the octet operator just became relevant.
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Figure 11. Left: The probability P for different primordial perturbation amplitude Pζ . Right: The values
of cmax2 , c
max
4 , c
max
6 , c
max
8 and c
max
10 as a function of V0 with Pζ = 10
−9. Notice that cmax8 starts to decrease from 1
at V0 ∼ 10−16, where P reaches maximum.
We compute the probability to obtain a cosmic perturbation Pζ . As we have observed, the
probability P peaks at the point when the octet becomes relevant, i.e. when cη8 = 1. This gives us the
energy scale V max0 where the fine-tuning is minimal,
V max0 =
1
2
√
14
( N ∗e 2
12pi2Pζ
)− 3
2
. (A.16)
When we integrate out V0 the integration is dominated by the region around V
max
0 , we therefore have
P ∝ V max0 φantcmax2 cmax4 cmax6 ∝ P
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4
ζ . (A.17)
This can be understood as Pζ obeying the distribution
P (Pζ)dPζ ∝ P
15
4
ζ dPζ . (A.18)
The probability is strongly biased toward large Pζ . Unless there exists a strong anthropic bound
disfavoring Pζ larger than the observed one, it is unlikely that general new inflation with Z2 symmetry
results in our observed universe. Our analysis is also applicable to the case with U(1) symmetry
because the radial direction is essentially Z2 symmetric, while the angular direction is flat and does
not affect the inflationary dynamics at the background level.
For completeness, we continue our further analysis of general new inflation with Z2 symmetry in
the next section. In particular, assuming that the perturbation amplitude Pζ is fixed to the observed
value for some reason, we investigate the probability distribution of spectral index ns. We will find
that it is probabilistically favored to have a spectral index ns ' 0.96, which is quite remarkable.
B New Inflation and the Most Probable Spectral Index
In Appendix A we found that when considering inflation with Z2 symmetry, we need to fine-tune
terms at least up to the octet order,
V = V0 + c2φ
2 + c4φ
4 + c6φ
6 + c8φ
8. (B.1)
Nevertheless, for simplicity we will consider potential of the form
V = a− 1
2
b φ2 − cnφn − cmφm (B.2)
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where the cn term dominates over the cm term and the latter is treated perturbatively. Namely, we
consider the case where cm is sufficiently small and cmφ
m < cnφ
n. We can then extract the physics of
the complete octet model, Eq.(B.1), by extrapolation. In Eq.(B.2) we make quadratic term explicitly
negative as we now consider cases where the inflaton rolls down from φ = 0.
The number of e-folds Ne which the inflation would last before it ends and the corresponding
field value φNe has the relation
Ne =
∫ φNe
φend
V
∂V/∂φ
dφ
'
∫ φNe
φend
a
−bφ− ncnφn−1 −mcmφm−1 dφ
' a
∫ φNe
φend
[
1
bφ+ ncnφn−1
− mφ
m−1
bφ+ ncnφn−1
cm
]
dφ
=
1
(n− 2)k ln
(
kφ2−nNe +
cn
a n
kφ2−nend +
cn
a n
)
− 1
k
[F(φend)−F(φNe)] cm (B.3)
where we defined k ≡ b/a and
F(φ) ≡ m
n− 2
φm−2
ak
{(
n−m
m− 2
)
2F1
(
1,
m− 2
n− 2 ;
n+m− 4
n− 2 ;−
ncn
ak
φn−2
)
+
ak
ak + ncnφn−2
}
. (B.4)
Here 2F1 is the hypergeometric function and φend is the field value where the inflation ends, determined
by the slow-roll condition. In particular, the inflation ends when the η-parameter reaches -1, which
yields
φn−2end '
a
n(n− 1)cn . (B.5)
Solving Eq.(B.3) for φNe(Ne) perturbatively in cm, that is, with φNe(Ne) = φ(0)Ne + cm φ(1)Ne , one has
φ
(0)
Ne =
[
a
cn
kfn(k)
] 1
n−2
, and φ
(1)
Ne = φ0 c
−m−2
n−2
n a
m−n
n−2 gn,m(k) (B.6)
where
fn(k) ≡ 1
n
1(
[1 + (n− 1)k] e(n−2)kNe − 1) (B.7)
and
gn,m(k) ≡ m(n−m)
(n− 2)(m− 2) (1 + nfn)×{
k
m−n
n−2 f
m−2
n−2
n
[
2F1
(
1,
m− 2
n− 2 ;
n+m− 4
n− 2 ,−nfn
)
+
1
1 + nfn
]
−
(
1
n(n− 1)
)m−2
n−2 1
k
[
2F1
(
1,
m− 2
n− 2 ;
n+m− 4
n− 2 ,−
1
(n− 1)k
)
+
1
1 + 1(n−1)k
]}
.
(B.8)
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The spectral index ns and perturbation power spectrum Pζ when inflation can last another Ne of
e-folds before it ends is then given by
ns = 1 + 2η − 6
= 1− 2k − 2n(n− 1)kfn − 3a
2
n−2 c
− 2
n−2
n k
2n−2
n−2 (1 + nfn)
2 f
2
n−2
n
+
{
2a
m−n
n−2 c
−m−2
n−2
n
[
m(1−m)km−2n−2 f
m−2
n−2
n − n(n− 1)(n− 2)k fn gn,m
]
− 6am−n+2n−2 c−
m
n−2
n k
n
n−2 f
2
n−2
n (1 + nfn)
(
mk
m−2
n−2 f
m−2
n−2
n + k gn,m + n(n− 1)k fn gn,m
)}
cm,
(B.9)
Pζ =
1
24pi2
V

=
a
n−4
n−2k
−2n+2
n−2 f
− 2
n−2
n
12pi2 (1 + nfn)
2
c 2n−2n − c 4−mn−2n cm 2a
m−n
n−2
(
mk
m−n
n−2 f
m−2
n−2
n + gn,m + n(n− 1) fn gn,m
)
(1 + nfn)
 .
(B.10)
By taking the inverse of Eq.(B.10) perturbatively in cm, one obtain cn = c
(0)
n + cm c
(1)
n with
c(0)n = (12pi
2)
n−2
2 a
4−n
2 kn−1fn (1 + nfn)n−2 P
n−2
2
ζ , (B.11)
and
c(1)n =
n− 2
2
c(0)n
n−m+2
n−2
2a
m−n
n−2
(
mk
m−n
n−2 f
m−2
n−2
n + gn,m + n(n− 1)fn gn,m
)
1 + nfn
. (B.12)
With Eq.(B.9), (B.11) and (B.12), the relation between the spectral index ns and the parameter k is
plotted in Figure 12 for various set of (n,m). We set the parameter a = 10−16, the number of e-folds
Ne = 55, and the perturbation power spectrum to the observed value, Pζ = 2.2×10−9. The parameter
cm is bounded by the requirement that the perturbation holds, i.e. cmφ
m < cnφ
n. As φend > φNe , the
bound of cm is therefore
|cm| <

cnφ
n−m
Ne (n > m),
cnφ
n−m
end (n < m).
(B.13)
We first look at the case with quartic and sextic terms, shown on the left of Figure 12. Note that
the quartic-dominant case is excluded by observation. One generic feature that appears for all (n,m) is
that when n < m, a positive perturbation (cm > 0) leads to a spectral index closer to scale-invariance,
i.e. ns = 1, while a negative perturbation (cm < 0) makes ns deviate away from 1. This might be
counterintuitive as the potential
V = a− 1
2
bφ2 − cnφn − cmφm, (B.14)
is flatter when cm < 0 and we would have expected a spectral index closer to 1. However, a flatter
potential also means the inflaton moves slower before it reaches φend, and hence the field value can
be closer to φend (but farther away from zero) while giving the same number of e-foldings as shown
in the left of Figure 13. As the field is farther away from zero where the potential is the flattest, the
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(n,m) = (4, 6)
<latexit sha1_base64="DnuWv3jd0AqHCPn+6ON2RQGRbiY=">AAAF03icddRP b9MwFABwD1YY5d8GRy7WJqROmqo0dLAekCaYtmldt6HRdlJTTY7z2llz/sx2gBJyQVw5coUPwafh2+B02ZRmnqWmT+9nP7+kqd2IM6ks69/cnbvzlXv3Fx5UHz56/O Tp4tKzngxjQaFLQx6KE5dI4CyArmKKw0kkgPguh757/j7z/icQkoXBRzWJYOiTccBGjBKlU4NasOavvq01116vni6uWPVWy2o217FVX7ds297QgfXK3mg1cKNuTccK ysfR6dL8X8cLaexDoCgnUg4aVqSGCRGKUQ5p1YklRISekzEMdBgQH+Qwmfac4pc64+FRKPQnUHiaLa5IXEHOQaXVmSTxpZz4rl7uE3Umy5YlTTaI1WhjmLAgihUE9H L3UcyxCnH2VLDHBFDFJzogVDB9A5ieEUGo0s9utoWsuJAjWeqMEs7ZWJC0ivVwPBg5OiUSR8EXlTj7RIwBO1ezsEhvrA8o8CwZwGca+j4JvMRx4SLNrmMWJHART380 vXJmDkzngA5vm6GrkOsyRDdgqkHyIkbXfW9pz+5dh8mWwfcLvm/wdsHbBj8s+KHBdwq+Y/Djgh8bfK/gewbvFbxn8N2C7xp8u+DbBu8UvGPwfsH7Bj8o+EHZI41R9s cjvCSefqkSJyAuJyWx0qRmrZaStk7a5aSXvRteqBJS3tdzc3FvCM2F3hAvF68skkYqzb4Ei5RkX6HkbXLGQaRJ21nWrWQxLs3o6AfROb0ucXlVEw74yAHO9Yb6mLs6 y/DtQdeut+qND82VzXf5ebeAXqBlVEMN9AZtol10hLqIohD9Qr/Rn0qv8q3yvfLjcuqduXzNczQzKj//A1kuGaw=</latexit><latexit sha1_base64="DnuWv3jd0AqHCPn+6ON2RQGRbiY=">AAAF03icddRP b9MwFABwD1YY5d8GRy7WJqROmqo0dLAekCaYtmldt6HRdlJTTY7z2llz/sx2gBJyQVw5coUPwafh2+B02ZRmnqWmT+9nP7+kqd2IM6ks69/cnbvzlXv3Fx5UHz56/O Tp4tKzngxjQaFLQx6KE5dI4CyArmKKw0kkgPguh757/j7z/icQkoXBRzWJYOiTccBGjBKlU4NasOavvq01116vni6uWPVWy2o217FVX7ds297QgfXK3mg1cKNuTccK ysfR6dL8X8cLaexDoCgnUg4aVqSGCRGKUQ5p1YklRISekzEMdBgQH+Qwmfac4pc64+FRKPQnUHiaLa5IXEHOQaXVmSTxpZz4rl7uE3Umy5YlTTaI1WhjmLAgihUE9H L3UcyxCnH2VLDHBFDFJzogVDB9A5ieEUGo0s9utoWsuJAjWeqMEs7ZWJC0ivVwPBg5OiUSR8EXlTj7RIwBO1ezsEhvrA8o8CwZwGca+j4JvMRx4SLNrmMWJHART380 vXJmDkzngA5vm6GrkOsyRDdgqkHyIkbXfW9pz+5dh8mWwfcLvm/wdsHbBj8s+KHBdwq+Y/Djgh8bfK/gewbvFbxn8N2C7xp8u+DbBu8UvGPwfsH7Bj8o+EHZI41R9s cjvCSefqkSJyAuJyWx0qRmrZaStk7a5aSXvRteqBJS3tdzc3FvCM2F3hAvF68skkYqzb4Ei5RkX6HkbXLGQaRJ21nWrWQxLs3o6AfROb0ucXlVEw74yAHO9Yb6mLs6 y/DtQdeut+qND82VzXf5ebeAXqBlVEMN9AZtol10hLqIohD9Qr/Rn0qv8q3yvfLjcuqduXzNczQzKj//A1kuGaw=</latexit><latexit sha1_base64="DnuWv3jd0AqHCPn+6ON2RQGRbiY=">AAAF03icddRP b9MwFABwD1YY5d8GRy7WJqROmqo0dLAekCaYtmldt6HRdlJTTY7z2llz/sx2gBJyQVw5coUPwafh2+B02ZRmnqWmT+9nP7+kqd2IM6ks69/cnbvzlXv3Fx5UHz56/O Tp4tKzngxjQaFLQx6KE5dI4CyArmKKw0kkgPguh757/j7z/icQkoXBRzWJYOiTccBGjBKlU4NasOavvq01116vni6uWPVWy2o217FVX7ds297QgfXK3mg1cKNuTccK ysfR6dL8X8cLaexDoCgnUg4aVqSGCRGKUQ5p1YklRISekzEMdBgQH+Qwmfac4pc64+FRKPQnUHiaLa5IXEHOQaXVmSTxpZz4rl7uE3Umy5YlTTaI1WhjmLAgihUE9H L3UcyxCnH2VLDHBFDFJzogVDB9A5ieEUGo0s9utoWsuJAjWeqMEs7ZWJC0ivVwPBg5OiUSR8EXlTj7RIwBO1ezsEhvrA8o8CwZwGca+j4JvMRx4SLNrmMWJHART380 vXJmDkzngA5vm6GrkOsyRDdgqkHyIkbXfW9pz+5dh8mWwfcLvm/wdsHbBj8s+KHBdwq+Y/Djgh8bfK/gewbvFbxn8N2C7xp8u+DbBu8UvGPwfsH7Bj8o+EHZI41R9s cjvCSefqkSJyAuJyWx0qRmrZaStk7a5aSXvRteqBJS3tdzc3FvCM2F3hAvF68skkYqzb4Ei5RkX6HkbXLGQaRJ21nWrWQxLs3o6AfROb0ucXlVEw74yAHO9Yb6mLs6 y/DtQdeut+qND82VzXf5ebeAXqBlVEMN9AZtol10hLqIohD9Qr/Rn0qv8q3yvfLjcuqduXzNczQzKj//A1kuGaw=</latexit><latexit sha1_base64="DnuWv3jd0AqHCPn+6ON2RQGRbiY=">AAAF03icddRP b9MwFABwD1YY5d8GRy7WJqROmqo0dLAekCaYtmldt6HRdlJTTY7z2llz/sx2gBJyQVw5coUPwafh2+B02ZRmnqWmT+9nP7+kqd2IM6ks69/cnbvzlXv3Fx5UHz56/O Tp4tKzngxjQaFLQx6KE5dI4CyArmKKw0kkgPguh757/j7z/icQkoXBRzWJYOiTccBGjBKlU4NasOavvq01116vni6uWPVWy2o217FVX7ds297QgfXK3mg1cKNuTccK ysfR6dL8X8cLaexDoCgnUg4aVqSGCRGKUQ5p1YklRISekzEMdBgQH+Qwmfac4pc64+FRKPQnUHiaLa5IXEHOQaXVmSTxpZz4rl7uE3Umy5YlTTaI1WhjmLAgihUE9H L3UcyxCnH2VLDHBFDFJzogVDB9A5ieEUGo0s9utoWsuJAjWeqMEs7ZWJC0ivVwPBg5OiUSR8EXlTj7RIwBO1ezsEhvrA8o8CwZwGca+j4JvMRx4SLNrmMWJHART380 vXJmDkzngA5vm6GrkOsyRDdgqkHyIkbXfW9pz+5dh8mWwfcLvm/wdsHbBj8s+KHBdwq+Y/Djgh8bfK/gewbvFbxn8N2C7xp8u+DbBu8UvGPwfsH7Bj8o+EHZI41R9s cjvCSefqkSJyAuJyWx0qRmrZaStk7a5aSXvRteqBJS3tdzc3FvCM2F3hAvF68skkYqzb4Ei5RkX6HkbXLGQaRJ21nWrWQxLs3o6AfROb0ucXlVEw74yAHO9Yb6mLs6 y/DtQdeut+qND82VzXf5ebeAXqBlVEMN9AZtol10hLqIohD9Qr/Rn0qv8q3yvfLjcuqduXzNczQzKj//A1kuGaw=</latexit>
cm > 0
<latexit sha1_base64="M+QUVkyCjUchZ2pYkT2GXW9fXRc=">AAAFzXic ddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCbigCaZtWtetaHSdtFTVi/PaWXP+zHYGxYQrR67wOfg0fBucLkxpaiw1fXo/+/klTR2kgivteX8Wbt1ebNy5u3S vef/Bw0ePl1eenKgkkwx7LBGJPA1AoeAx9jTXAk9TiRAFAvvBxfvC+1coFU/ij3qS4iCCccxHnIG2qR4bRm+94fKat+FNB50PWmWwRsrRHa4s/vbDhGURxp oJUOqs5aV6YEBqzgTmTT9TmAK7gDGe2TCGCNXATLvN6XObCekokfYTazrNVleYQMIF6rw5k4RIqUkU2OUR6HNVtyLpsrNMj14PDI/TTGPMrncfZYLqhBbP g4ZcItNiYgNgktsboOwcJDBtn9psC0VxqUaq1hkDIfhYQt6kdvghjnybksbX+Fkb/wDkGKn/bxaV+dz6mKEokjF+YkkUQRwaP8DLvLiOeWzwMpv+XHblzBy czkEb/m+GrQI3ZcA24KoBZRGn2763rRf3bkOz7fCDih84vF3xtsOPKn7k8N2K7zr8uOLHDt+v+L7DTyp+4vC9iu85fKfiOw7vVLzj8H7F+w4/rPhh3VOLaf HHA1GT0L5Uxo8hEFATLzfr3otactMmN+vJsHg3wkQbqO8bBqUEc8JKYXMSlhLWRbFU58WX5KlW/AvWvA3nAmVu2v6qbaWIaW1Gxz6IzvCmxPVVTwTSro9C2 A3tMdeqH2rzQW9z481G68PLta135Xm3RJ6RVbJOWuQV2SJ7pEt6hBFOfpCf5Fej27hqfG18u556a6Fc85TMjMb3vyHXGEg=</latexit><latexit sha1_base64="M+QUVkyCjUchZ2pYkT2GXW9fXRc=">AAAFzXic ddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCbigCaZtWtetaHSdtFTVi/PaWXP+zHYGxYQrR67wOfg0fBucLkxpaiw1fXo/+/klTR2kgivteX8Wbt1ebNy5u3S vef/Bw0ePl1eenKgkkwx7LBGJPA1AoeAx9jTXAk9TiRAFAvvBxfvC+1coFU/ij3qS4iCCccxHnIG2qR4bRm+94fKat+FNB50PWmWwRsrRHa4s/vbDhGURxp oJUOqs5aV6YEBqzgTmTT9TmAK7gDGe2TCGCNXATLvN6XObCekokfYTazrNVleYQMIF6rw5k4RIqUkU2OUR6HNVtyLpsrNMj14PDI/TTGPMrncfZYLqhBbP g4ZcItNiYgNgktsboOwcJDBtn9psC0VxqUaq1hkDIfhYQt6kdvghjnybksbX+Fkb/wDkGKn/bxaV+dz6mKEokjF+YkkUQRwaP8DLvLiOeWzwMpv+XHblzBy czkEb/m+GrQI3ZcA24KoBZRGn2763rRf3bkOz7fCDih84vF3xtsOPKn7k8N2K7zr8uOLHDt+v+L7DTyp+4vC9iu85fKfiOw7vVLzj8H7F+w4/rPhh3VOLaf HHA1GT0L5Uxo8hEFATLzfr3otactMmN+vJsHg3wkQbqO8bBqUEc8JKYXMSlhLWRbFU58WX5KlW/AvWvA3nAmVu2v6qbaWIaW1Gxz6IzvCmxPVVTwTSro9C2 A3tMdeqH2rzQW9z481G68PLta135Xm3RJ6RVbJOWuQV2SJ7pEt6hBFOfpCf5Fej27hqfG18u556a6Fc85TMjMb3vyHXGEg=</latexit><latexit sha1_base64="M+QUVkyCjUchZ2pYkT2GXW9fXRc=">AAAFzXic ddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCbigCaZtWtetaHSdtFTVi/PaWXP+zHYGxYQrR67wOfg0fBucLkxpaiw1fXo/+/klTR2kgivteX8Wbt1ebNy5u3S vef/Bw0ePl1eenKgkkwx7LBGJPA1AoeAx9jTXAk9TiRAFAvvBxfvC+1coFU/ij3qS4iCCccxHnIG2qR4bRm+94fKat+FNB50PWmWwRsrRHa4s/vbDhGURxp oJUOqs5aV6YEBqzgTmTT9TmAK7gDGe2TCGCNXATLvN6XObCekokfYTazrNVleYQMIF6rw5k4RIqUkU2OUR6HNVtyLpsrNMj14PDI/TTGPMrncfZYLqhBbP g4ZcItNiYgNgktsboOwcJDBtn9psC0VxqUaq1hkDIfhYQt6kdvghjnybksbX+Fkb/wDkGKn/bxaV+dz6mKEokjF+YkkUQRwaP8DLvLiOeWzwMpv+XHblzBy czkEb/m+GrQI3ZcA24KoBZRGn2763rRf3bkOz7fCDih84vF3xtsOPKn7k8N2K7zr8uOLHDt+v+L7DTyp+4vC9iu85fKfiOw7vVLzj8H7F+w4/rPhh3VOLaf HHA1GT0L5Uxo8hEFATLzfr3otactMmN+vJsHg3wkQbqO8bBqUEc8JKYXMSlhLWRbFU58WX5KlW/AvWvA3nAmVu2v6qbaWIaW1Gxz6IzvCmxPVVTwTSro9C2 A3tMdeqH2rzQW9z481G68PLta135Xm3RJ6RVbJOWuQV2SJ7pEt6hBFOfpCf5Fej27hqfG18u556a6Fc85TMjMb3vyHXGEg=</latexit><latexit sha1_base64="M+QUVkyCjUchZ2pYkT2GXW9fXRc=">AAAFzXic ddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCbigCaZtWtetaHSdtFTVi/PaWXP+zHYGxYQrR67wOfg0fBucLkxpaiw1fXo/+/klTR2kgivteX8Wbt1ebNy5u3S vef/Bw0ePl1eenKgkkwx7LBGJPA1AoeAx9jTXAk9TiRAFAvvBxfvC+1coFU/ij3qS4iCCccxHnIG2qR4bRm+94fKat+FNB50PWmWwRsrRHa4s/vbDhGURxp oJUOqs5aV6YEBqzgTmTT9TmAK7gDGe2TCGCNXATLvN6XObCekokfYTazrNVleYQMIF6rw5k4RIqUkU2OUR6HNVtyLpsrNMj14PDI/TTGPMrncfZYLqhBbP g4ZcItNiYgNgktsboOwcJDBtn9psC0VxqUaq1hkDIfhYQt6kdvghjnybksbX+Fkb/wDkGKn/bxaV+dz6mKEokjF+YkkUQRwaP8DLvLiOeWzwMpv+XHblzBy czkEb/m+GrQI3ZcA24KoBZRGn2763rRf3bkOz7fCDih84vF3xtsOPKn7k8N2K7zr8uOLHDt+v+L7DTyp+4vC9iu85fKfiOw7vVLzj8H7F+w4/rPhh3VOLaf HHA1GT0L5Uxo8hEFATLzfr3otactMmN+vJsHg3wkQbqO8bBqUEc8JKYXMSlhLWRbFU58WX5KlW/AvWvA3nAmVu2v6qbaWIaW1Gxz6IzvCmxPVVTwTSro9C2 A3tMdeqH2rzQW9z481G68PLta135Xm3RJ6RVbJOWuQV2SJ7pEt6hBFOfpCf5Fej27hqfG18u556a6Fc85TMjMb3vyHXGEg=</latexit>
cm < 0
<latexit sha1_base64="csQWMClFsMX8T7X759XTjbbmKAQ=">AAAFzXic ddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCZA4TDBt07puRaPrpKWqXpzXzprzZ7YzKCZcOXKFz8Gn4dvgdGFKU2Op6dP72c8vaeogFVxpz/uzcOv2YuPO3aV 7zfsPHj56vLzy5EQlmWTYY4lI5GkACgWPsae5FniaSoQoENgPLt4X3r9CqXgSf9STFAcRjGM+4gy0TfXYMHrrDZfXvA1vOuh80CqDNVKO7nBl8bcfJiyLMN ZMgFJnLS/VAwNScyYwb/qZwhTYBYzxzIYxRKgGZtptTp/bTEhHibSfWNNptrrCBBIuUOfNmSRESk2iwC6PQJ+ruhVJl51levR6YHicZhpjdr37KBNUJ7R4 HjTkEpkWExsAk9zeAGXnIIFp+9RmWyiKSzVStc4YCMHHEvImtcMPceTblDS+xs/a+Acgx0j9f7OozOfWxwxFkYzxE0uiCOLQ+AFe5sV1zGODl9n057IrZ+b gdA7a8H8zbBW4KQO2AVcNKIs43fa9bb24dxuabYcfVPzA4e2Ktx1+VPEjh+9WfNfhxxU/dvh+xfcdflLxE4fvVXzP4TsV33F4p+Idh/cr3nf4YcUP655aTI s/HoiahPalMn4MgYCaeLlZ917Ukps2uVlPhsW7ESbaQH3fMCglmBNWCpuTsJSwLoqlOi++JE+14l+w5m04Fyhz0/ZXbStFTGszOvZBdIY3Ja6veiKQdn0Uw m5oj7lW/VCbD3qbG282Wh9erm29K8+7JfKMrJJ10iKvyBbZI13SI4xw8oP8JL8a3cZV42vj2/XUWwvlmqdkZjS+/wUXCxhG</latexit><latexit sha1_base64="csQWMClFsMX8T7X759XTjbbmKAQ=">AAAFzXic ddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCZA4TDBt07puRaPrpKWqXpzXzprzZ7YzKCZcOXKFz8Gn4dvgdGFKU2Op6dP72c8vaeogFVxpz/uzcOv2YuPO3aV 7zfsPHj56vLzy5EQlmWTYY4lI5GkACgWPsae5FniaSoQoENgPLt4X3r9CqXgSf9STFAcRjGM+4gy0TfXYMHrrDZfXvA1vOuh80CqDNVKO7nBl8bcfJiyLMN ZMgFJnLS/VAwNScyYwb/qZwhTYBYzxzIYxRKgGZtptTp/bTEhHibSfWNNptrrCBBIuUOfNmSRESk2iwC6PQJ+ruhVJl51levR6YHicZhpjdr37KBNUJ7R4 HjTkEpkWExsAk9zeAGXnIIFp+9RmWyiKSzVStc4YCMHHEvImtcMPceTblDS+xs/a+Acgx0j9f7OozOfWxwxFkYzxE0uiCOLQ+AFe5sV1zGODl9n057IrZ+b gdA7a8H8zbBW4KQO2AVcNKIs43fa9bb24dxuabYcfVPzA4e2Ktx1+VPEjh+9WfNfhxxU/dvh+xfcdflLxE4fvVXzP4TsV33F4p+Idh/cr3nf4YcUP655aTI s/HoiahPalMn4MgYCaeLlZ917Ukps2uVlPhsW7ESbaQH3fMCglmBNWCpuTsJSwLoqlOi++JE+14l+w5m04Fyhz0/ZXbStFTGszOvZBdIY3Ja6veiKQdn0Uw m5oj7lW/VCbD3qbG282Wh9erm29K8+7JfKMrJJ10iKvyBbZI13SI4xw8oP8JL8a3cZV42vj2/XUWwvlmqdkZjS+/wUXCxhG</latexit><latexit sha1_base64="csQWMClFsMX8T7X759XTjbbmKAQ=">AAAFzXic ddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCZA4TDBt07puRaPrpKWqXpzXzprzZ7YzKCZcOXKFz8Gn4dvgdGFKU2Op6dP72c8vaeogFVxpz/uzcOv2YuPO3aV 7zfsPHj56vLzy5EQlmWTYY4lI5GkACgWPsae5FniaSoQoENgPLt4X3r9CqXgSf9STFAcRjGM+4gy0TfXYMHrrDZfXvA1vOuh80CqDNVKO7nBl8bcfJiyLMN ZMgFJnLS/VAwNScyYwb/qZwhTYBYzxzIYxRKgGZtptTp/bTEhHibSfWNNptrrCBBIuUOfNmSRESk2iwC6PQJ+ruhVJl51levR6YHicZhpjdr37KBNUJ7R4 HjTkEpkWExsAk9zeAGXnIIFp+9RmWyiKSzVStc4YCMHHEvImtcMPceTblDS+xs/a+Acgx0j9f7OozOfWxwxFkYzxE0uiCOLQ+AFe5sV1zGODl9n057IrZ+b gdA7a8H8zbBW4KQO2AVcNKIs43fa9bb24dxuabYcfVPzA4e2Ktx1+VPEjh+9WfNfhxxU/dvh+xfcdflLxE4fvVXzP4TsV33F4p+Idh/cr3nf4YcUP655aTI s/HoiahPalMn4MgYCaeLlZ917Ukps2uVlPhsW7ESbaQH3fMCglmBNWCpuTsJSwLoqlOi++JE+14l+w5m04Fyhz0/ZXbStFTGszOvZBdIY3Ja6veiKQdn0Uw m5oj7lW/VCbD3qbG282Wh9erm29K8+7JfKMrJJ10iKvyBbZI13SI4xw8oP8JL8a3cZV42vj2/XUWwvlmqdkZjS+/wUXCxhG</latexit><latexit sha1_base64="csQWMClFsMX8T7X759XTjbbmKAQ=">AAAFzXic ddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCZA4TDBt07puRaPrpKWqXpzXzprzZ7YzKCZcOXKFz8Gn4dvgdGFKU2Op6dP72c8vaeogFVxpz/uzcOv2YuPO3aV 7zfsPHj56vLzy5EQlmWTYY4lI5GkACgWPsae5FniaSoQoENgPLt4X3r9CqXgSf9STFAcRjGM+4gy0TfXYMHrrDZfXvA1vOuh80CqDNVKO7nBl8bcfJiyLMN ZMgFJnLS/VAwNScyYwb/qZwhTYBYzxzIYxRKgGZtptTp/bTEhHibSfWNNptrrCBBIuUOfNmSRESk2iwC6PQJ+ruhVJl51levR6YHicZhpjdr37KBNUJ7R4 HjTkEpkWExsAk9zeAGXnIIFp+9RmWyiKSzVStc4YCMHHEvImtcMPceTblDS+xs/a+Acgx0j9f7OozOfWxwxFkYzxE0uiCOLQ+AFe5sV1zGODl9n057IrZ+b gdA7a8H8zbBW4KQO2AVcNKIs43fa9bb24dxuabYcfVPzA4e2Ktx1+VPEjh+9WfNfhxxU/dvh+xfcdflLxE4fvVXzP4TsV33F4p+Idh/cr3nf4YcUP655aTI s/HoiahPalMn4MgYCaeLlZ917Ukps2uVlPhsW7ESbaQH3fMCglmBNWCpuTsJSwLoqlOi++JE+14l+w5m04Fyhz0/ZXbStFTGszOvZBdIY3Ja6veiKQdn0Uw m5oj7lW/VCbD3qbG282Wh9erm29K8+7JfKMrJJ10iKvyBbZI13SI4xw8oP8JL8a3cZV42vj2/XUWwvlmqdkZjS+/wUXCxhG</latexit>
k
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<latexit sha1_base64="+1o+2YeuGxaHF9PwqiQ0TU+O5x0=">AAAFyXicddR bT9swFABgw+jGuhtsj3uxQJPYC0rRpG1vaEOAaMtFrBSJVOjEOS1WnQu2s1GiPO1xr9sv2a/Zv5lTMuSmnqWmR+ezj0/S1EEquNKe92dh8cFS4+Gj5cfNJ0+fPX+x svryTCWZZNhjiUjkeQAKBY+xp7kWeJ5KhCgQ2A/Gn0vvf0WpeBJ/0ZMUBxGMYj7kDLRJnYwvV9a9TW866HzQqoJ1Uo3jy9Wl336YsCzCWDMBSl20vFQPcpCaM4FF0 88UpsDGMMILE8YQoRrk004L+sZkQjpMpPnEmk6z9oo8kDBGXTRnkhApNYkCszwCfaXqViZddpHp4YdBzuM00xizu92HmaA6oeWzoCGXyLSYmACY5OYGKLsCCUybJz bbQllcqqGqdcZACD6SUDSpGX6IQ9+kZO5rvNG53wE5Qur/m0VlMbc+ZijKZIzfWBJFEIe5H+B1UV5HPM7xOpv+VGblzByczkET/m+GqQL3ZcA04KoBVRGnm753jJf 3bsJ8x+EdyzsOb1vedviR5UcO37N8z+Gnlp86/MDyA4efWX7m8H3L9x2+a/muw7uWdx3et7zv8EPLD+ueGkzLPx6ImoTmpcr9GAIBNfGKfMN7W0tumeRWPRmW70aY 6Bzq+4ZBJcGcsErYnISVhHVRLNVF+SV5qhW/xZq34UqgLPK2v2ZaKWNam9E1D6J7eV/i7qonAumxj0KYDc0x16ofavNBb2vz42br5N369qfqvFsmr8ka2SAt8p5sk 31yTHqEESQ/yE/yq9FpyMZN4/Zu6uJCteYVmRmN738BB9MW7g==</latexit><latexit sha1_base64="+1o+2YeuGxaHF9PwqiQ0TU+O5x0=">AAAFyXicddR bT9swFABgw+jGuhtsj3uxQJPYC0rRpG1vaEOAaMtFrBSJVOjEOS1WnQu2s1GiPO1xr9sv2a/Zv5lTMuSmnqWmR+ezj0/S1EEquNKe92dh8cFS4+Gj5cfNJ0+fPX+x svryTCWZZNhjiUjkeQAKBY+xp7kWeJ5KhCgQ2A/Gn0vvf0WpeBJ/0ZMUBxGMYj7kDLRJnYwvV9a9TW866HzQqoJ1Uo3jy9Wl336YsCzCWDMBSl20vFQPcpCaM4FF0 88UpsDGMMILE8YQoRrk004L+sZkQjpMpPnEmk6z9oo8kDBGXTRnkhApNYkCszwCfaXqViZddpHp4YdBzuM00xizu92HmaA6oeWzoCGXyLSYmACY5OYGKLsCCUybJz bbQllcqqGqdcZACD6SUDSpGX6IQ9+kZO5rvNG53wE5Qur/m0VlMbc+ZijKZIzfWBJFEIe5H+B1UV5HPM7xOpv+VGblzByczkET/m+GqQL3ZcA04KoBVRGnm753jJf 3bsJ8x+EdyzsOb1vedviR5UcO37N8z+Gnlp86/MDyA4efWX7m8H3L9x2+a/muw7uWdx3et7zv8EPLD+ueGkzLPx6ImoTmpcr9GAIBNfGKfMN7W0tumeRWPRmW70aY 6Bzq+4ZBJcGcsErYnISVhHVRLNVF+SV5qhW/xZq34UqgLPK2v2ZaKWNam9E1D6J7eV/i7qonAumxj0KYDc0x16ofavNBb2vz42br5N369qfqvFsmr8ka2SAt8p5sk 31yTHqEESQ/yE/yq9FpyMZN4/Zu6uJCteYVmRmN738BB9MW7g==</latexit><latexit sha1_base64="+1o+2YeuGxaHF9PwqiQ0TU+O5x0=">AAAFyXicddR bT9swFABgw+jGuhtsj3uxQJPYC0rRpG1vaEOAaMtFrBSJVOjEOS1WnQu2s1GiPO1xr9sv2a/Zv5lTMuSmnqWmR+ezj0/S1EEquNKe92dh8cFS4+Gj5cfNJ0+fPX+x svryTCWZZNhjiUjkeQAKBY+xp7kWeJ5KhCgQ2A/Gn0vvf0WpeBJ/0ZMUBxGMYj7kDLRJnYwvV9a9TW866HzQqoJ1Uo3jy9Wl336YsCzCWDMBSl20vFQPcpCaM4FF0 88UpsDGMMILE8YQoRrk004L+sZkQjpMpPnEmk6z9oo8kDBGXTRnkhApNYkCszwCfaXqViZddpHp4YdBzuM00xizu92HmaA6oeWzoCGXyLSYmACY5OYGKLsCCUybJz bbQllcqqGqdcZACD6SUDSpGX6IQ9+kZO5rvNG53wE5Qur/m0VlMbc+ZijKZIzfWBJFEIe5H+B1UV5HPM7xOpv+VGblzByczkET/m+GqQL3ZcA04KoBVRGnm753jJf 3bsJ8x+EdyzsOb1vedviR5UcO37N8z+Gnlp86/MDyA4efWX7m8H3L9x2+a/muw7uWdx3et7zv8EPLD+ueGkzLPx6ImoTmpcr9GAIBNfGKfMN7W0tumeRWPRmW70aY 6Bzq+4ZBJcGcsErYnISVhHVRLNVF+SV5qhW/xZq34UqgLPK2v2ZaKWNam9E1D6J7eV/i7qonAumxj0KYDc0x16ofavNBb2vz42br5N369qfqvFsmr8ka2SAt8p5sk 31yTHqEESQ/yE/yq9FpyMZN4/Zu6uJCteYVmRmN738BB9MW7g==</latexit><latexit sha1_base64="+1o+2YeuGxaHF9PwqiQ0TU+O5x0=">AAAFyXicddR bT9swFABgw+jGuhtsj3uxQJPYC0rRpG1vaEOAaMtFrBSJVOjEOS1WnQu2s1GiPO1xr9sv2a/Zv5lTMuSmnqWmR+ezj0/S1EEquNKe92dh8cFS4+Gj5cfNJ0+fPX+x svryTCWZZNhjiUjkeQAKBY+xp7kWeJ5KhCgQ2A/Gn0vvf0WpeBJ/0ZMUBxGMYj7kDLRJnYwvV9a9TW866HzQqoJ1Uo3jy9Wl336YsCzCWDMBSl20vFQPcpCaM4FF0 88UpsDGMMILE8YQoRrk004L+sZkQjpMpPnEmk6z9oo8kDBGXTRnkhApNYkCszwCfaXqViZddpHp4YdBzuM00xizu92HmaA6oeWzoCGXyLSYmACY5OYGKLsCCUybJz bbQllcqqGqdcZACD6SUDSpGX6IQ9+kZO5rvNG53wE5Qur/m0VlMbc+ZijKZIzfWBJFEIe5H+B1UV5HPM7xOpv+VGblzByczkET/m+GqQL3ZcA04KoBVRGnm753jJf 3bsJ8x+EdyzsOb1vedviR5UcO37N8z+Gnlp86/MDyA4efWX7m8H3L9x2+a/muw7uWdx3et7zv8EPLD+ueGkzLPx6ImoTmpcr9GAIBNfGKfMN7W0tumeRWPRmW70aY 6Bzq+4ZBJcGcsErYnISVhHVRLNVF+SV5qhW/xZq34UqgLPK2v2ZaKWNam9E1D6J7eV/i7qonAumxj0KYDc0x16ofavNBb2vz42br5N369qfqvFsmr8ka2SAt8p5sk 31yTHqEESQ/yE/yq9FpyMZN4/Zu6uJCteYVmRmN738BB9MW7g==</latexit>
cm > 0
<latexit sha1_base64="M+QUVkyCjUchZ2pYkT2GXW9fXRc=">AAAFzXicddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCbigCaZtWtetaHSdtFTVi/PaWXP +zHYGxYQrR67wOfg0fBucLkxpaiw1fXo/+/klTR2kgivteX8Wbt1ebNy5u3Svef/Bw0ePl1eenKgkkwx7LBGJPA1AoeAx9jTXAk9TiRAFAvvBxfvC+1coFU/ij3qS4iCCccxHnIG2qR4bRm+94fKat+FNB50PWmWwRsrRHa4s/vbDhGURxpoJUOqs5aV6YEBqzgTmTT9TmAK7gDGe2TCGCNXATLvN6XObCekokfYTazrNV leYQMIF6rw5k4RIqUkU2OUR6HNVtyLpsrNMj14PDI/TTGPMrncfZYLqhBbPg4ZcItNiYgNgktsboOwcJDBtn9psC0VxqUaq1hkDIfhYQt6kdvghjnybksbX+Fkb/wDkGKn/bxaV+dz6mKEokjF+YkkUQRwaP8DLvLiOeWzwMpv+XHblzByczkEb/m+GrQI3ZcA24KoBZRGn2763rRf3bkOz7fCDih84vF3xtsOPKn7k8N2 K7zr8uOLHDt+v+L7DTyp+4vC9iu85fKfiOw7vVLzj8H7F+w4/rPhh3VOLafHHA1GT0L5Uxo8hEFATLzfr3otactMmN+vJsHg3wkQbqO8bBqUEc8JKYXMSlhLWRbFU58WX5KlW/AvWvA3nAmVu2v6qbaWIaW1Gxz6IzvCmxPVVTwTSro9C2A3tMdeqH2rzQW9z481G68PLta135Xm3RJ6RVbJOWuQV2SJ7pEt6hBFOfpCf 5Fej27hqfG18u556a6Fc85TMjMb3vyHXGEg=</latexit><latexit sha1_base64="M+QUVkyCjUchZ2pYkT2GXW9fXRc=">AAAFzXicddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCbigCaZtWtetaHSdtFTVi/PaWXP +zHYGxYQrR67wOfg0fBucLkxpaiw1fXo/+/klTR2kgivteX8Wbt1ebNy5u3Svef/Bw0ePl1eenKgkkwx7LBGJPA1AoeAx9jTXAk9TiRAFAvvBxfvC+1coFU/ij3qS4iCCccxHnIG2qR4bRm+94fKat+FNB50PWmWwRsrRHa4s/vbDhGURxpoJUOqs5aV6YEBqzgTmTT9TmAK7gDGe2TCGCNXATLvN6XObCekokfYTazrNV leYQMIF6rw5k4RIqUkU2OUR6HNVtyLpsrNMj14PDI/TTGPMrncfZYLqhBbPg4ZcItNiYgNgktsboOwcJDBtn9psC0VxqUaq1hkDIfhYQt6kdvghjnybksbX+Fkb/wDkGKn/bxaV+dz6mKEokjF+YkkUQRwaP8DLvLiOeWzwMpv+XHblzByczkEb/m+GrQI3ZcA24KoBZRGn2763rRf3bkOz7fCDih84vF3xtsOPKn7k8N2 K7zr8uOLHDt+v+L7DTyp+4vC9iu85fKfiOw7vVLzj8H7F+w4/rPhh3VOLafHHA1GT0L5Uxo8hEFATLzfr3otactMmN+vJsHg3wkQbqO8bBqUEc8JKYXMSlhLWRbFU58WX5KlW/AvWvA3nAmVu2v6qbaWIaW1Gxz6IzvCmxPVVTwTSro9C2A3tMdeqH2rzQW9z481G68PLta135Xm3RJ6RVbJOWuQV2SJ7pEt6hBFOfpCf 5Fej27hqfG18u556a6Fc85TMjMb3vyHXGEg=</latexit><latexit sha1_base64="M+QUVkyCjUchZ2pYkT2GXW9fXRc=">AAAFzXicddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCbigCaZtWtetaHSdtFTVi/PaWXP +zHYGxYQrR67wOfg0fBucLkxpaiw1fXo/+/klTR2kgivteX8Wbt1ebNy5u3Svef/Bw0ePl1eenKgkkwx7LBGJPA1AoeAx9jTXAk9TiRAFAvvBxfvC+1coFU/ij3qS4iCCccxHnIG2qR4bRm+94fKat+FNB50PWmWwRsrRHa4s/vbDhGURxpoJUOqs5aV6YEBqzgTmTT9TmAK7gDGe2TCGCNXATLvN6XObCekokfYTazrNV leYQMIF6rw5k4RIqUkU2OUR6HNVtyLpsrNMj14PDI/TTGPMrncfZYLqhBbPg4ZcItNiYgNgktsboOwcJDBtn9psC0VxqUaq1hkDIfhYQt6kdvghjnybksbX+Fkb/wDkGKn/bxaV+dz6mKEokjF+YkkUQRwaP8DLvLiOeWzwMpv+XHblzByczkEb/m+GrQI3ZcA24KoBZRGn2763rRf3bkOz7fCDih84vF3xtsOPKn7k8N2 K7zr8uOLHDt+v+L7DTyp+4vC9iu85fKfiOw7vVLzj8H7F+w4/rPhh3VOLafHHA1GT0L5Uxo8hEFATLzfr3otactMmN+vJsHg3wkQbqO8bBqUEc8JKYXMSlhLWRbFU58WX5KlW/AvWvA3nAmVu2v6qbaWIaW1Gxz6IzvCmxPVVTwTSro9C2A3tMdeqH2rzQW9z481G68PLta135Xm3RJ6RVbJOWuQV2SJ7pEt6hBFOfpCf 5Fej27hqfG18u556a6Fc85TMjMb3vyHXGEg=</latexit><latexit sha1_base64="M+QUVkyCjUchZ2pYkT2GXW9fXRc=">AAAFzXicddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCbigCaZtWtetaHSdtFTVi/PaWXP +zHYGxYQrR67wOfg0fBucLkxpaiw1fXo/+/klTR2kgivteX8Wbt1ebNy5u3Svef/Bw0ePl1eenKgkkwx7LBGJPA1AoeAx9jTXAk9TiRAFAvvBxfvC+1coFU/ij3qS4iCCccxHnIG2qR4bRm+94fKat+FNB50PWmWwRsrRHa4s/vbDhGURxpoJUOqs5aV6YEBqzgTmTT9TmAK7gDGe2TCGCNXATLvN6XObCekokfYTazrNV leYQMIF6rw5k4RIqUkU2OUR6HNVtyLpsrNMj14PDI/TTGPMrncfZYLqhBbPg4ZcItNiYgNgktsboOwcJDBtn9psC0VxqUaq1hkDIfhYQt6kdvghjnybksbX+Fkb/wDkGKn/bxaV+dz6mKEokjF+YkkUQRwaP8DLvLiOeWzwMpv+XHblzByczkEb/m+GrQI3ZcA24KoBZRGn2763rRf3bkOz7fCDih84vF3xtsOPKn7k8N2 K7zr8uOLHDt+v+L7DTyp+4vC9iu85fKfiOw7vVLzj8H7F+w4/rPhh3VOLafHHA1GT0L5Uxo8hEFATLzfr3otactMmN+vJsHg3wkQbqO8bBqUEc8JKYXMSlhLWRbFU58WX5KlW/AvWvA3nAmVu2v6qbaWIaW1Gxz6IzvCmxPVVTwTSro9C2A3tMdeqH2rzQW9z481G68PLta135Xm3RJ6RVbJOWuQV2SJ7pEt6hBFOfpCf 5Fej27hqfG18u556a6Fc85TMjMb3vyHXGEg=</latexit>
cm < 0
<latexit sha1_base64="csQWMClFsMX8T7X759XTjbbmKAQ=">AAAFzXicddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCZA4TDBt07puRaPrpKWqXpzXzpr zZ7YzKCZcOXKFz8Gn4dvgdGFKU2Op6dP72c8vaeogFVxpz/uzcOv2YuPO3aV7zfsPHj56vLzy5EQlmWTYY4lI5GkACgWPsae5FniaSoQoENgPLt4X3r9CqXgSf9STFAcRjGM+4gy0TfXYMHrrDZfXvA1vOuh80CqDNVKO7nBl8bcfJiyLMNZMgFJnLS/VAwNScyYwb/qZwhTYBYzxzIYxRKgGZtptTp/bTEhHibSfWNNpt rrCBBIuUOfNmSRESk2iwC6PQJ+ruhVJl51levR6YHicZhpjdr37KBNUJ7R4HjTkEpkWExsAk9zeAGXnIIFp+9RmWyiKSzVStc4YCMHHEvImtcMPceTblDS+xs/a+Acgx0j9f7OozOfWxwxFkYzxE0uiCOLQ+AFe5sV1zGODl9n057IrZ+bgdA7a8H8zbBW4KQO2AVcNKIs43fa9bb24dxuabYcfVPzA4e2Ktx1+VPEjh+9 WfNfhxxU/dvh+xfcdflLxE4fvVXzP4TsV33F4p+Idh/cr3nf4YcUP655aTIs/HoiahPalMn4MgYCaeLlZ917Ukps2uVlPhsW7ESbaQH3fMCglmBNWCpuTsJSwLoqlOi++JE+14l+w5m04Fyhz0/ZXbStFTGszOvZBdIY3Ja6veiKQdn0Uwm5oj7lW/VCbD3qbG282Wh9erm29K8+7JfKMrJJ10iKvyBbZI13SI4xw8oP8 JL8a3cZV42vj2/XUWwvlmqdkZjS+/wUXCxhG</latexit><latexit sha1_base64="csQWMClFsMX8T7X759XTjbbmKAQ=">AAAFzXicddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCZA4TDBt07puRaPrpKWqXpzXzpr zZ7YzKCZcOXKFz8Gn4dvgdGFKU2Op6dP72c8vaeogFVxpz/uzcOv2YuPO3aV7zfsPHj56vLzy5EQlmWTYY4lI5GkACgWPsae5FniaSoQoENgPLt4X3r9CqXgSf9STFAcRjGM+4gy0TfXYMHrrDZfXvA1vOuh80CqDNVKO7nBl8bcfJiyLMNZMgFJnLS/VAwNScyYwb/qZwhTYBYzxzIYxRKgGZtptTp/bTEhHibSfWNNpt rrCBBIuUOfNmSRESk2iwC6PQJ+ruhVJl51levR6YHicZhpjdr37KBNUJ7R4HjTkEpkWExsAk9zeAGXnIIFp+9RmWyiKSzVStc4YCMHHEvImtcMPceTblDS+xs/a+Acgx0j9f7OozOfWxwxFkYzxE0uiCOLQ+AFe5sV1zGODl9n057IrZ+bgdA7a8H8zbBW4KQO2AVcNKIs43fa9bb24dxuabYcfVPzA4e2Ktx1+VPEjh+9 WfNfhxxU/dvh+xfcdflLxE4fvVXzP4TsV33F4p+Idh/cr3nf4YcUP655aTIs/HoiahPalMn4MgYCaeLlZ917Ukps2uVlPhsW7ESbaQH3fMCglmBNWCpuTsJSwLoqlOi++JE+14l+w5m04Fyhz0/ZXbStFTGszOvZBdIY3Ja6veiKQdn0Uwm5oj7lW/VCbD3qbG282Wh9erm29K8+7JfKMrJJ10iKvyBbZI13SI4xw8oP8 JL8a3cZV42vj2/XUWwvlmqdkZjS+/wUXCxhG</latexit><latexit sha1_base64="csQWMClFsMX8T7X759XTjbbmKAQ=">AAAFzXicddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCZA4TDBt07puRaPrpKWqXpzXzpr zZ7YzKCZcOXKFz8Gn4dvgdGFKU2Op6dP72c8vaeogFVxpz/uzcOv2YuPO3aV7zfsPHj56vLzy5EQlmWTYY4lI5GkACgWPsae5FniaSoQoENgPLt4X3r9CqXgSf9STFAcRjGM+4gy0TfXYMHrrDZfXvA1vOuh80CqDNVKO7nBl8bcfJiyLMNZMgFJnLS/VAwNScyYwb/qZwhTYBYzxzIYxRKgGZtptTp/bTEhHibSfWNNpt rrCBBIuUOfNmSRESk2iwC6PQJ+ruhVJl51levR6YHicZhpjdr37KBNUJ7R4HjTkEpkWExsAk9zeAGXnIIFp+9RmWyiKSzVStc4YCMHHEvImtcMPceTblDS+xs/a+Acgx0j9f7OozOfWxwxFkYzxE0uiCOLQ+AFe5sV1zGODl9n057IrZ+bgdA7a8H8zbBW4KQO2AVcNKIs43fa9bb24dxuabYcfVPzA4e2Ktx1+VPEjh+9 WfNfhxxU/dvh+xfcdflLxE4fvVXzP4TsV33F4p+Idh/cr3nf4YcUP655aTIs/HoiahPalMn4MgYCaeLlZ917Ukps2uVlPhsW7ESbaQH3fMCglmBNWCpuTsJSwLoqlOi++JE+14l+w5m04Fyhz0/ZXbStFTGszOvZBdIY3Ja6veiKQdn0Uwm5oj7lW/VCbD3qbG282Wh9erm29K8+7JfKMrJJ10iKvyBbZI13SI4xw8oP8 JL8a3cZV42vj2/XUWwvlmqdkZjS+/wUXCxhG</latexit><latexit sha1_base64="csQWMClFsMX8T7X759XTjbbmKAQ=">AAAFzXicddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCZA4TDBt07puRaPrpKWqXpzXzpr zZ7YzKCZcOXKFz8Gn4dvgdGFKU2Op6dP72c8vaeogFVxpz/uzcOv2YuPO3aV7zfsPHj56vLzy5EQlmWTYY4lI5GkACgWPsae5FniaSoQoENgPLt4X3r9CqXgSf9STFAcRjGM+4gy0TfXYMHrrDZfXvA1vOuh80CqDNVKO7nBl8bcfJiyLMNZMgFJnLS/VAwNScyYwb/qZwhTYBYzxzIYxRKgGZtptTp/bTEhHibSfWNNpt rrCBBIuUOfNmSRESk2iwC6PQJ+ruhVJl51levR6YHicZhpjdr37KBNUJ7R4HjTkEpkWExsAk9zeAGXnIIFp+9RmWyiKSzVStc4YCMHHEvImtcMPceTblDS+xs/a+Acgx0j9f7OozOfWxwxFkYzxE0uiCOLQ+AFe5sV1zGODl9n057IrZ+bgdA7a8H8zbBW4KQO2AVcNKIs43fa9bb24dxuabYcfVPzA4e2Ktx1+VPEjh+9 WfNfhxxU/dvh+xfcdflLxE4fvVXzP4TsV33F4p+Idh/cr3nf4YcUP655aTIs/HoiahPalMn4MgYCaeLlZ917Ukps2uVlPhsW7ESbaQH3fMCglmBNWCpuTsJSwLoqlOi++JE+14l+w5m04Fyhz0/ZXbStFTGszOvZBdIY3Ja6veiKQdn0Uwm5oj7lW/VCbD3qbG282Wh9erm29K8+7JfKMrJJ10iKvyBbZI13SI4xw8oP8 JL8a3cZV42vj2/XUWwvlmqdkZjS+/wUXCxhG</latexit>
(n,m) = (8, 6)
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(n,m) = (6, 8)
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Figure 12. The ns−k plot for different set of (n,m). The dashed lines corresponds to the boundary of positive
perturbation, cm > 0, while the dotted ones represents negative perturbation, cm < 0. The grey region shows
the current observational value.
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<latexit sha1_base64="+1o+2YeuGxaH F9PwqiQ0TU+O5x0=">AAAFyXicddRbT9swFABgw+jGuhtsj3uxQJPYC0rRpG1vaEOAa MtFrBSJVOjEOS1WnQu2s1GiPO1xr9sv2a/Zv5lTMuSmnqWmR+ezj0/S1EEquNKe92dh 8cFS4+Gj5cfNJ0+fPX+xsvryTCWZZNhjiUjkeQAKBY+xp7kWeJ5KhCgQ2A/Gn0vvf0W peBJ/0ZMUBxGMYj7kDLRJnYwvV9a9TW866HzQqoJ1Uo3jy9Wl336YsCzCWDMBSl20vF QPcpCaM4FF088UpsDGMMILE8YQoRrk004L+sZkQjpMpPnEmk6z9oo8kDBGXTRnkhApNY kCszwCfaXqViZddpHp4YdBzuM00xizu92HmaA6oeWzoCGXyLSYmACY5OYGKLsCCUybJ zbbQllcqqGqdcZACD6SUDSpGX6IQ9+kZO5rvNG53wE5Qur/m0VlMbc+ZijKZIzfWBJF EIe5H+B1UV5HPM7xOpv+VGblzByczkET/m+GqQL3ZcA04KoBVRGnm753jJf3bsJ8x+E dyzsOb1vedviR5UcO37N8z+Gnlp86/MDyA4efWX7m8H3L9x2+a/muw7uWdx3et7zv8E PLD+ueGkzLPx6ImoTmpcr9GAIBNfGKfMN7W0tumeRWPRmW70aY6Bzq+4ZBJcGcsErYn ISVhHVRLNVF+SV5qhW/xZq34UqgLPK2v2ZaKWNam9E1D6J7eV/i7qonAumxj0KYDc0x 16ofavNBb2vz42br5N369qfqvFsmr8ka2SAt8p5sk31yTHqEESQ/yE/yq9FpyMZN4/Z u6uJCteYVmRmN738BB9MW7g==</latexit><latexit sha1_base64="+1o+2YeuGxaH F9PwqiQ0TU+O5x0=">AAAFyXicddRbT9swFABgw+jGuhtsj3uxQJPYC0rRpG1vaEOAa MtFrBSJVOjEOS1WnQu2s1GiPO1xr9sv2a/Zv5lTMuSmnqWmR+ezj0/S1EEquNKe92dh 8cFS4+Gj5cfNJ0+fPX+xsvryTCWZZNhjiUjkeQAKBY+xp7kWeJ5KhCgQ2A/Gn0vvf0W peBJ/0ZMUBxGMYj7kDLRJnYwvV9a9TW866HzQqoJ1Uo3jy9Wl336YsCzCWDMBSl20vF QPcpCaM4FF088UpsDGMMILE8YQoRrk004L+sZkQjpMpPnEmk6z9oo8kDBGXTRnkhApNY kCszwCfaXqViZddpHp4YdBzuM00xizu92HmaA6oeWzoCGXyLSYmACY5OYGKLsCCUybJ zbbQllcqqGqdcZACD6SUDSpGX6IQ9+kZO5rvNG53wE5Qur/m0VlMbc+ZijKZIzfWBJF EIe5H+B1UV5HPM7xOpv+VGblzByczkET/m+GqQL3ZcA04KoBVRGnm753jJf3bsJ8x+E dyzsOb1vedviR5UcO37N8z+Gnlp86/MDyA4efWX7m8H3L9x2+a/muw7uWdx3et7zv8E PLD+ueGkzLPx6ImoTmpcr9GAIBNfGKfMN7W0tumeRWPRmW70aY6Bzq+4ZBJcGcsErYn ISVhHVRLNVF+SV5qhW/xZq34UqgLPK2v2ZaKWNam9E1D6J7eV/i7qonAumxj0KYDc0x 16ofavNBb2vz42br5N369qfqvFsmr8ka2SAt8p5sk31yTHqEESQ/yE/yq9FpyMZN4/Z u6uJCteYVmRmN738BB9MW7g==</latexit><latexit sha1_base64="+1o+2YeuGxaH F9PwqiQ0TU+O5x0=">AAAFyXicddRbT9swFABgw+jGuhtsj3uxQJPYC0rRpG1vaEOAa MtFrBSJVOjEOS1WnQu2s1GiPO1xr9sv2a/Zv5lTMuSmnqWmR+ezj0/S1EEquNKe92dh 8cFS4+Gj5cfNJ0+fPX+xsvryTCWZZNhjiUjkeQAKBY+xp7kWeJ5KhCgQ2A/Gn0vvf0W peBJ/0ZMUBxGMYj7kDLRJnYwvV9a9TW866HzQqoJ1Uo3jy9Wl336YsCzCWDMBSl20vF QPcpCaM4FF088UpsDGMMILE8YQoRrk004L+sZkQjpMpPnEmk6z9oo8kDBGXTRnkhApNY kCszwCfaXqViZddpHp4YdBzuM00xizu92HmaA6oeWzoCGXyLSYmACY5OYGKLsCCUybJ zbbQllcqqGqdcZACD6SUDSpGX6IQ9+kZO5rvNG53wE5Qur/m0VlMbc+ZijKZIzfWBJF EIe5H+B1UV5HPM7xOpv+VGblzByczkET/m+GqQL3ZcA04KoBVRGnm753jJf3bsJ8x+E dyzsOb1vedviR5UcO37N8z+Gnlp86/MDyA4efWX7m8H3L9x2+a/muw7uWdx3et7zv8E PLD+ueGkzLPx6ImoTmpcr9GAIBNfGKfMN7W0tumeRWPRmW70aY6Bzq+4ZBJcGcsErYn ISVhHVRLNVF+SV5qhW/xZq34UqgLPK2v2ZaKWNam9E1D6J7eV/i7qonAumxj0KYDc0x 16ofavNBb2vz42br5N369qfqvFsmr8ka2SAt8p5sk31yTHqEESQ/yE/yq9FpyMZN4/Z u6uJCteYVmRmN738BB9MW7g==</latexit><latexit sha1_base64="+1o+2YeuGxaH F9PwqiQ0TU+O5x0=">AAAFyXicddRbT9swFABgw+jGuhtsj3uxQJPYC0rRpG1vaEOAa MtFrBSJVOjEOS1WnQu2s1GiPO1xr9sv2a/Zv5lTMuSmnqWmR+ezj0/S1EEquNKe92dh 8cFS4+Gj5cfNJ0+fPX+xsvryTCWZZNhjiUjkeQAKBY+xp7kWeJ5KhCgQ2A/Gn0vvf0W peBJ/0ZMUBxGMYj7kDLRJnYwvV9a9TW866HzQqoJ1Uo3jy9Wl336YsCzCWDMBSl20vF QPcpCaM4FF088UpsDGMMILE8YQoRrk004L+sZkQjpMpPnEmk6z9oo8kDBGXTRnkhApNY kCszwCfaXqViZddpHp4YdBzuM00xizu92HmaA6oeWzoCGXyLSYmACY5OYGKLsCCUybJ zbbQllcqqGqdcZACD6SUDSpGX6IQ9+kZO5rvNG53wE5Qur/m0VlMbc+ZijKZIzfWBJF EIe5H+B1UV5HPM7xOpv+VGblzByczkET/m+GqQL3ZcA04KoBVRGnm753jJf3bsJ8x+E dyzsOb1vedviR5UcO37N8z+Gnlp86/MDyA4efWX7m8H3L9x2+a/muw7uWdx3et7zv8E PLD+ueGkzLPx6ImoTmpcr9GAIBNfGKfMN7W0tumeRWPRmW70aY6Bzq+4ZBJcGcsErYn ISVhHVRLNVF+SV5qhW/xZq34UqgLPK2v2ZaKWNam9E1D6J7eV/i7qonAumxj0KYDc0x 16ofavNBb2vz42br5N369qfqvFsmr8ka2SAt8p5sk31yTHqEESQ/yE/yq9FpyMZN4/Z u6uJCteYVmRmN738BB9MW7g==</latexit>
cm > 0
<latexit sha1_base64="M+QUVkyCjUchZ2pYkT2GXW9fXRc=">AAAFzXicddRP b9MwFABwD1YY5d8GRy7WJqRxmdIJCbigCaZtWtetaHSdtFTVi/PaWXP+zHYGxYQrR67wOfg0fBucLkxpaiw1fXo/+/klTR2kgivteX8Wbt1ebNy5u3Svef/Bw0ePl1ee nKgkkwx7LBGJPA1AoeAx9jTXAk9TiRAFAvvBxfvC+1coFU/ij3qS4iCCccxHnIG2qR4bRm+94fKat+FNB50PWmWwRsrRHa4s/vbDhGURxpoJUOqs5aV6YEBqzgTmTT9 TmAK7gDGe2TCGCNXATLvN6XObCekokfYTazrNVleYQMIF6rw5k4RIqUkU2OUR6HNVtyLpsrNMj14PDI/TTGPMrncfZYLqhBbPg4ZcItNiYgNgktsboOwcJDBtn9psC0V xqUaq1hkDIfhYQt6kdvghjnybksbX+Fkb/wDkGKn/bxaV+dz6mKEokjF+YkkUQRwaP8DLvLiOeWzwMpv+XHblzByczkEb/m+GrQI3ZcA24KoBZRGn2763rRf3bkOz7f CDih84vF3xtsOPKn7k8N2K7zr8uOLHDt+v+L7DTyp+4vC9iu85fKfiOw7vVLzj8H7F+w4/rPhh3VOLafHHA1GT0L5Uxo8hEFATLzfr3otactMmN+vJsHg3wkQbqO8bBq UEc8JKYXMSlhLWRbFU58WX5KlW/AvWvA3nAmVu2v6qbaWIaW1Gxz6IzvCmxPVVTwTSro9C2A3tMdeqH2rzQW9z481G68PLta135Xm3RJ6RVbJOWuQV2SJ7pEt6hBFOfp Cf5Fej27hqfG18u556a6Fc85TMjMb3vyHXGEg=</latexit><latexit sha1_base64="M+QUVkyCjUchZ2pYkT2GXW9fXRc=">AAAFzXicddRP b9MwFABwD1YY5d8GRy7WJqRxmdIJCbigCaZtWtetaHSdtFTVi/PaWXP+zHYGxYQrR67wOfg0fBucLkxpaiw1fXo/+/klTR2kgivteX8Wbt1ebNy5u3Svef/Bw0ePl1ee nKgkkwx7LBGJPA1AoeAx9jTXAk9TiRAFAvvBxfvC+1coFU/ij3qS4iCCccxHnIG2qR4bRm+94fKat+FNB50PWmWwRsrRHa4s/vbDhGURxpoJUOqs5aV6YEBqzgTmTT9 TmAK7gDGe2TCGCNXATLvN6XObCekokfYTazrNVleYQMIF6rw5k4RIqUkU2OUR6HNVtyLpsrNMj14PDI/TTGPMrncfZYLqhBbPg4ZcItNiYgNgktsboOwcJDBtn9psC0V xqUaq1hkDIfhYQt6kdvghjnybksbX+Fkb/wDkGKn/bxaV+dz6mKEokjF+YkkUQRwaP8DLvLiOeWzwMpv+XHblzByczkEb/m+GrQI3ZcA24KoBZRGn2763rRf3bkOz7f CDih84vF3xtsOPKn7k8N2K7zr8uOLHDt+v+L7DTyp+4vC9iu85fKfiOw7vVLzj8H7F+w4/rPhh3VOLafHHA1GT0L5Uxo8hEFATLzfr3otactMmN+vJsHg3wkQbqO8bBq UEc8JKYXMSlhLWRbFU58WX5KlW/AvWvA3nAmVu2v6qbaWIaW1Gxz6IzvCmxPVVTwTSro9C2A3tMdeqH2rzQW9z481G68PLta135Xm3RJ6RVbJOWuQV2SJ7pEt6hBFOfp Cf5Fej27hqfG18u556a6Fc85TMjMb3vyHXGEg=</latexit><latexit sha1_base64="M+QUVkyCjUchZ2pYkT2GXW9fXRc=">AAAFzXicddRP b9MwFABwD1YY5d8GRy7WJqRxmdIJCbigCaZtWtetaHSdtFTVi/PaWXP+zHYGxYQrR67wOfg0fBucLkxpaiw1fXo/+/klTR2kgivteX8Wbt1ebNy5u3Svef/Bw0ePl1ee nKgkkwx7LBGJPA1AoeAx9jTXAk9TiRAFAvvBxfvC+1coFU/ij3qS4iCCccxHnIG2qR4bRm+94fKat+FNB50PWmWwRsrRHa4s/vbDhGURxpoJUOqs5aV6YEBqzgTmTT9 TmAK7gDGe2TCGCNXATLvN6XObCekokfYTazrNVleYQMIF6rw5k4RIqUkU2OUR6HNVtyLpsrNMj14PDI/TTGPMrncfZYLqhBbPg4ZcItNiYgNgktsboOwcJDBtn9psC0V xqUaq1hkDIfhYQt6kdvghjnybksbX+Fkb/wDkGKn/bxaV+dz6mKEokjF+YkkUQRwaP8DLvLiOeWzwMpv+XHblzByczkEb/m+GrQI3ZcA24KoBZRGn2763rRf3bkOz7f CDih84vF3xtsOPKn7k8N2K7zr8uOLHDt+v+L7DTyp+4vC9iu85fKfiOw7vVLzj8H7F+w4/rPhh3VOLafHHA1GT0L5Uxo8hEFATLzfr3otactMmN+vJsHg3wkQbqO8bBq UEc8JKYXMSlhLWRbFU58WX5KlW/AvWvA3nAmVu2v6qbaWIaW1Gxz6IzvCmxPVVTwTSro9C2A3tMdeqH2rzQW9z481G68PLta135Xm3RJ6RVbJOWuQV2SJ7pEt6hBFOfp Cf5Fej27hqfG18u556a6Fc85TMjMb3vyHXGEg=</latexit><latexit sha1_base64="M+QUVkyCjUchZ2pYkT2GXW9fXRc=">AAAFzXicddRP b9MwFABwD1YY5d8GRy7WJqRxmdIJCbigCaZtWtetaHSdtFTVi/PaWXP+zHYGxYQrR67wOfg0fBucLkxpaiw1fXo/+/klTR2kgivteX8Wbt1ebNy5u3Svef/Bw0ePl1ee nKgkkwx7LBGJPA1AoeAx9jTXAk9TiRAFAvvBxfvC+1coFU/ij3qS4iCCccxHnIG2qR4bRm+94fKat+FNB50PWmWwRsrRHa4s/vbDhGURxpoJUOqs5aV6YEBqzgTmTT9 TmAK7gDGe2TCGCNXATLvN6XObCekokfYTazrNVleYQMIF6rw5k4RIqUkU2OUR6HNVtyLpsrNMj14PDI/TTGPMrncfZYLqhBbPg4ZcItNiYgNgktsboOwcJDBtn9psC0V xqUaq1hkDIfhYQt6kdvghjnybksbX+Fkb/wDkGKn/bxaV+dz6mKEokjF+YkkUQRwaP8DLvLiOeWzwMpv+XHblzByczkEb/m+GrQI3ZcA24KoBZRGn2763rRf3bkOz7f CDih84vF3xtsOPKn7k8N2K7zr8uOLHDt+v+L7DTyp+4vC9iu85fKfiOw7vVLzj8H7F+w4/rPhh3VOLafHHA1GT0L5Uxo8hEFATLzfr3otactMmN+vJsHg3wkQbqO8bBq UEc8JKYXMSlhLWRbFU58WX5KlW/AvWvA3nAmVu2v6qbaWIaW1Gxz6IzvCmxPVVTwTSro9C2A3tMdeqH2rzQW9z481G68PLta135Xm3RJ6RVbJOWuQV2SJ7pEt6hBFOfp Cf5Fej27hqfG18u556a6Fc85TMjMb3vyHXGEg=</latexit>
cm < 0
<latexit sha1_base64="csQWMClFsMX8T7X759XTjbbmKAQ=">AAAFzXicddRP b9MwFABwD1YY5d8GRy7WJqRxmdIJCZA4TDBt07puRaPrpKWqXpzXzprzZ7YzKCZcOXKFz8Gn4dvgdGFKU2Op6dP72c8vaeogFVxpz/uzcOv2YuPO3aV7zfsPHj56vLzy 5EQlmWTYY4lI5GkACgWPsae5FniaSoQoENgPLt4X3r9CqXgSf9STFAcRjGM+4gy0TfXYMHrrDZfXvA1vOuh80CqDNVKO7nBl8bcfJiyLMNZMgFJnLS/VAwNScyYwb/q ZwhTYBYzxzIYxRKgGZtptTp/bTEhHibSfWNNptrrCBBIuUOfNmSRESk2iwC6PQJ+ruhVJl51levR6YHicZhpjdr37KBNUJ7R4HjTkEpkWExsAk9zeAGXnIIFp+9RmWyi KSzVStc4YCMHHEvImtcMPceTblDS+xs/a+Acgx0j9f7OozOfWxwxFkYzxE0uiCOLQ+AFe5sV1zGODl9n057IrZ+bgdA7a8H8zbBW4KQO2AVcNKIs43fa9bb24dxuabY cfVPzA4e2Ktx1+VPEjh+9WfNfhxxU/dvh+xfcdflLxE4fvVXzP4TsV33F4p+Idh/cr3nf4YcUP655aTIs/HoiahPalMn4MgYCaeLlZ917Ukps2uVlPhsW7ESbaQH3fMC glmBNWCpuTsJSwLoqlOi++JE+14l+w5m04Fyhz0/ZXbStFTGszOvZBdIY3Ja6veiKQdn0Uwm5oj7lW/VCbD3qbG282Wh9erm29K8+7JfKMrJJ10iKvyBbZI13SI4xw8o P8JL8a3cZV42vj2/XUWwvlmqdkZjS+/wUXCxhG</latexit><latexit sha1_base64="csQWMClFsMX8T7X759XTjbbmKAQ=">AAAFzXicddRP b9MwFABwD1YY5d8GRy7WJqRxmdIJCZA4TDBt07puRaPrpKWqXpzXzprzZ7YzKCZcOXKFz8Gn4dvgdGFKU2Op6dP72c8vaeogFVxpz/uzcOv2YuPO3aV7zfsPHj56vLzy 5EQlmWTYY4lI5GkACgWPsae5FniaSoQoENgPLt4X3r9CqXgSf9STFAcRjGM+4gy0TfXYMHrrDZfXvA1vOuh80CqDNVKO7nBl8bcfJiyLMNZMgFJnLS/VAwNScyYwb/q ZwhTYBYzxzIYxRKgGZtptTp/bTEhHibSfWNNptrrCBBIuUOfNmSRESk2iwC6PQJ+ruhVJl51levR6YHicZhpjdr37KBNUJ7R4HjTkEpkWExsAk9zeAGXnIIFp+9RmWyi KSzVStc4YCMHHEvImtcMPceTblDS+xs/a+Acgx0j9f7OozOfWxwxFkYzxE0uiCOLQ+AFe5sV1zGODl9n057IrZ+bgdA7a8H8zbBW4KQO2AVcNKIs43fa9bb24dxuabY cfVPzA4e2Ktx1+VPEjh+9WfNfhxxU/dvh+xfcdflLxE4fvVXzP4TsV33F4p+Idh/cr3nf4YcUP655aTIs/HoiahPalMn4MgYCaeLlZ917Ukps2uVlPhsW7ESbaQH3fMC glmBNWCpuTsJSwLoqlOi++JE+14l+w5m04Fyhz0/ZXbStFTGszOvZBdIY3Ja6veiKQdn0Uwm5oj7lW/VCbD3qbG282Wh9erm29K8+7JfKMrJJ10iKvyBbZI13SI4xw8o P8JL8a3cZV42vj2/XUWwvlmqdkZjS+/wUXCxhG</latexit><latexit sha1_base64="csQWMClFsMX8T7X759XTjbbmKAQ=">AAAFzXicddRP b9MwFABwD1YY5d8GRy7WJqRxmdIJCZA4TDBt07puRaPrpKWqXpzXzprzZ7YzKCZcOXKFz8Gn4dvgdGFKU2Op6dP72c8vaeogFVxpz/uzcOv2YuPO3aV7zfsPHj56vLzy 5EQlmWTYY4lI5GkACgWPsae5FniaSoQoENgPLt4X3r9CqXgSf9STFAcRjGM+4gy0TfXYMHrrDZfXvA1vOuh80CqDNVKO7nBl8bcfJiyLMNZMgFJnLS/VAwNScyYwb/q ZwhTYBYzxzIYxRKgGZtptTp/bTEhHibSfWNNptrrCBBIuUOfNmSRESk2iwC6PQJ+ruhVJl51levR6YHicZhpjdr37KBNUJ7R4HjTkEpkWExsAk9zeAGXnIIFp+9RmWyi KSzVStc4YCMHHEvImtcMPceTblDS+xs/a+Acgx0j9f7OozOfWxwxFkYzxE0uiCOLQ+AFe5sV1zGODl9n057IrZ+bgdA7a8H8zbBW4KQO2AVcNKIs43fa9bb24dxuabY cfVPzA4e2Ktx1+VPEjh+9WfNfhxxU/dvh+xfcdflLxE4fvVXzP4TsV33F4p+Idh/cr3nf4YcUP655aTIs/HoiahPalMn4MgYCaeLlZ917Ukps2uVlPhsW7ESbaQH3fMC glmBNWCpuTsJSwLoqlOi++JE+14l+w5m04Fyhz0/ZXbStFTGszOvZBdIY3Ja6veiKQdn0Uwm5oj7lW/VCbD3qbG282Wh9erm29K8+7JfKMrJJ10iKvyBbZI13SI4xw8o P8JL8a3cZV42vj2/XUWwvlmqdkZjS+/wUXCxhG</latexit><latexit sha1_base64="csQWMClFsMX8T7X759XTjbbmKAQ=">AAAFzXicddRP b9MwFABwD1YY5d8GRy7WJqRxmdIJCZA4TDBt07puRaPrpKWqXpzXzprzZ7YzKCZcOXKFz8Gn4dvgdGFKU2Op6dP72c8vaeogFVxpz/uzcOv2YuPO3aV7zfsPHj56vLzy 5EQlmWTYY4lI5GkACgWPsae5FniaSoQoENgPLt4X3r9CqXgSf9STFAcRjGM+4gy0TfXYMHrrDZfXvA1vOuh80CqDNVKO7nBl8bcfJiyLMNZMgFJnLS/VAwNScyYwb/q ZwhTYBYzxzIYxRKgGZtptTp/bTEhHibSfWNNptrrCBBIuUOfNmSRESk2iwC6PQJ+ruhVJl51levR6YHicZhpjdr37KBNUJ7R4HjTkEpkWExsAk9zeAGXnIIFp+9RmWyi KSzVStc4YCMHHEvImtcMPceTblDS+xs/a+Acgx0j9f7OozOfWxwxFkYzxE0uiCOLQ+AFe5sV1zGODl9n057IrZ+bgdA7a8H8zbBW4KQO2AVcNKIs43fa9bb24dxuabY cfVPzA4e2Ktx1+VPEjh+9WfNfhxxU/dvh+xfcdflLxE4fvVXzP4TsV33F4p+Idh/cr3nf4YcUP655aTIs/HoiahPalMn4MgYCaeLlZ917Ukps2uVlPhsW7ESbaQH3fMC glmBNWCpuTsJSwLoqlOi++JE+14l+w5m04Fyhz0/ZXbStFTGszOvZBdIY3Ja6veiKQdn0Uwm5oj7lW/VCbD3qbG282Wh9erm29K8+7JfKMrJJ10iKvyBbZI13SI4xw8o P8JL8a3cZV42vj2/XUWwvlmqdkZjS+/wUXCxhG</latexit>
(n,m) = (6, 4)
<latexit sha1_base64="5ZE95wE7LJIH1Zdy3H+nCZuwvnw=">AAAF03icdZTfT9swEMcNoxvrfgDb414s0KQioSpFjI2HSWhDgCgFJtYWqakqx7kWC8cJtrOty/Iy7XWPe93 +iP01+2/mlIDSYE6Kc/p+7s5nx7EXcaa04/ybmb03V7n/YP5h9dHjJ08XFpeedVQYSwptGvJQnnlEAWcC2pppDmeRBBJ4HLrexfuMdz+BVCwUH/U4gn5ARoINGSXaSL2aWAtW39Y21zZWB4srTv2V09jabGCn7kwM3yiNXFlBuZ0Mlub+un5I4wCEppwo1Ws4ke4nRGpGOaRVN1YQEXpBRtAzriABqH4y6TnFL43i42EozSM0nqjFjMST5AJ0Wp0SSaDUOPBMekD0 uSqzTLSxXqyHb/oJE1GsQdCr2YcxxzrE2a5gn0mgmo+NQ6hkZgGYnhNJqDZ7N91CVlyqoSp1RgnnbCRJWsXGXB+GrpFk4mr4ohP3kMgRYPc6Csv0Vr6gwDNRwGcaBgERfuJ6cJlm44iJBC7jyUczmVMxMIkB494VYaqQmzLENGCrQfIiVm763jE8W7txkx0LPyzwQwtvFnjTwo8L/NjC9wp8z8JPC/zUwg8K/MDCOwXesfD9At+38N0C37XwVoG3LLxb4F0LPyrwo zKPDIyyH4/wEvHNoUpcQTxOSsRJk5qzWhLXjbheFv3sbPihTkh5Xt/LiXeL0JzQW8TPiV8mikY6zV6SRVqxr1DiTXLOQaZJ0102rWQ+LkW0zEa0BjclrkY95oBPXODcTGiuueu7DN/ttNfrW/XGh42V7Xf5fTePXqBlVEMN9Bpto310gtqIohD9Qr/Rn0qn8q3yvfLjKnR2Js95jqas8vM/vmkZjw==</latexit><latexit sha1_base64="5ZE95wE7LJIH1Zdy3H+nCZuwvnw=">AAAF03icdZTfT9swEMcNoxvrfgDb414s0KQioSpFjI2HSWhDgCgFJtYWqakqx7kWC8cJtrOty/Iy7XWPe93 +iP01+2/mlIDSYE6Kc/p+7s5nx7EXcaa04/ybmb03V7n/YP5h9dHjJ08XFpeedVQYSwptGvJQnnlEAWcC2pppDmeRBBJ4HLrexfuMdz+BVCwUH/U4gn5ARoINGSXaSL2aWAtW39Y21zZWB4srTv2V09jabGCn7kwM3yiNXFlBuZ0Mlub+un5I4wCEppwo1Ws4ke4nRGpGOaRVN1YQEXpBRtAzriABqH4y6TnFL43i42EozSM0nqjFjMST5AJ0Wp0SSaDUOPBMekD0 uSqzTLSxXqyHb/oJE1GsQdCr2YcxxzrE2a5gn0mgmo+NQ6hkZgGYnhNJqDZ7N91CVlyqoSp1RgnnbCRJWsXGXB+GrpFk4mr4ohP3kMgRYPc6Csv0Vr6gwDNRwGcaBgERfuJ6cJlm44iJBC7jyUczmVMxMIkB494VYaqQmzLENGCrQfIiVm763jE8W7txkx0LPyzwQwtvFnjTwo8L/NjC9wp8z8JPC/zUwg8K/MDCOwXesfD9At+38N0C37XwVoG3LLxb4F0LPyrwo zKPDIyyH4/wEvHNoUpcQTxOSsRJk5qzWhLXjbheFv3sbPihTkh5Xt/LiXeL0JzQW8TPiV8mikY6zV6SRVqxr1DiTXLOQaZJ0102rWQ+LkW0zEa0BjclrkY95oBPXODcTGiuueu7DN/ttNfrW/XGh42V7Xf5fTePXqBlVEMN9Bpto310gtqIohD9Qr/Rn0qn8q3yvfLjKnR2Js95jqas8vM/vmkZjw==</latexit><latexit sha1_base64="5ZE95wE7LJIH1Zdy3H+nCZuwvnw=">AAAF03icdZTfT9swEMcNoxvrfgDb414s0KQioSpFjI2HSWhDgCgFJtYWqakqx7kWC8cJtrOty/Iy7XWPe93 +iP01+2/mlIDSYE6Kc/p+7s5nx7EXcaa04/ybmb03V7n/YP5h9dHjJ08XFpeedVQYSwptGvJQnnlEAWcC2pppDmeRBBJ4HLrexfuMdz+BVCwUH/U4gn5ARoINGSXaSL2aWAtW39Y21zZWB4srTv2V09jabGCn7kwM3yiNXFlBuZ0Mlub+un5I4wCEppwo1Ws4ke4nRGpGOaRVN1YQEXpBRtAzriABqH4y6TnFL43i42EozSM0nqjFjMST5AJ0Wp0SSaDUOPBMekD0 uSqzTLSxXqyHb/oJE1GsQdCr2YcxxzrE2a5gn0mgmo+NQ6hkZgGYnhNJqDZ7N91CVlyqoSp1RgnnbCRJWsXGXB+GrpFk4mr4ohP3kMgRYPc6Csv0Vr6gwDNRwGcaBgERfuJ6cJlm44iJBC7jyUczmVMxMIkB494VYaqQmzLENGCrQfIiVm763jE8W7txkx0LPyzwQwtvFnjTwo8L/NjC9wp8z8JPC/zUwg8K/MDCOwXesfD9At+38N0C37XwVoG3LLxb4F0LPyrwo zKPDIyyH4/wEvHNoUpcQTxOSsRJk5qzWhLXjbheFv3sbPihTkh5Xt/LiXeL0JzQW8TPiV8mikY6zV6SRVqxr1DiTXLOQaZJ0102rWQ+LkW0zEa0BjclrkY95oBPXODcTGiuueu7DN/ttNfrW/XGh42V7Xf5fTePXqBlVEMN9Bpto310gtqIohD9Qr/Rn0qn8q3yvfLjKnR2Js95jqas8vM/vmkZjw==</latexit><latexit sha1_base64="5ZE95wE7LJIH1Zdy3H+nCZuwvnw=">AAAF03icdZTfT9swEMcNoxvrfgDb414s0KQioSpFjI2HSWhDgCgFJtYWqakqx7kWC8cJtrOty/Iy7XWPe93 +iP01+2/mlIDSYE6Kc/p+7s5nx7EXcaa04/ybmb03V7n/YP5h9dHjJ08XFpeedVQYSwptGvJQnnlEAWcC2pppDmeRBBJ4HLrexfuMdz+BVCwUH/U4gn5ARoINGSXaSL2aWAtW39Y21zZWB4srTv2V09jabGCn7kwM3yiNXFlBuZ0Mlub+un5I4wCEppwo1Ws4ke4nRGpGOaRVN1YQEXpBRtAzriABqH4y6TnFL43i42EozSM0nqjFjMST5AJ0Wp0SSaDUOPBMekD0 uSqzTLSxXqyHb/oJE1GsQdCr2YcxxzrE2a5gn0mgmo+NQ6hkZgGYnhNJqDZ7N91CVlyqoSp1RgnnbCRJWsXGXB+GrpFk4mr4ohP3kMgRYPc6Csv0Vr6gwDNRwGcaBgERfuJ6cJlm44iJBC7jyUczmVMxMIkB494VYaqQmzLENGCrQfIiVm763jE8W7txkx0LPyzwQwtvFnjTwo8L/NjC9wp8z8JPC/zUwg8K/MDCOwXesfD9At+38N0C37XwVoG3LLxb4F0LPyrwo zKPDIyyH4/wEvHNoUpcQTxOSsRJk5qzWhLXjbheFv3sbPihTkh5Xt/LiXeL0JzQW8TPiV8mikY6zV6SRVqxr1DiTXLOQaZJ0102rWQ+LkW0zEa0BjclrkY95oBPXODcTGiuueu7DN/ttNfrW/XGh42V7Xf5fTePXqBlVEMN9Bpto310gtqIohD9Qr/Rn0qn8q3yvfLjKnR2Js95jqas8vM/vmkZjw==</latexit>
(n,m) = (4, 6)
<latexit sha1_base64="DnuWv3jd0AqHCPn+6ON2RQGRbiY=">AAAF03icddRPb9MwFABwD1YY5d8GRy7WJqROmqo0dLAekCaYtmldt6HRdlJTTY7z2llz/sx2gBJyQVw5coUP wafh2+B02ZRmnqWmT+9nP7+kqd2IM6ks69/cnbvzlXv3Fx5UHz56/OTp4tKzngxjQaFLQx6KE5dI4CyArmKKw0kkgPguh757/j7z/icQkoXBRzWJYOiTccBGjBKlU4NasOavvq01116vni6uWPVWy2o217FVX7ds297QgfXK3mg1cKNuTccKysfR6dL8X8cLaexDoCgnUg4aVqSGCRGKUQ5p1YklRISekzEMdBgQH+Qwmfac4pc64+FRKPQnUHiaLa5IXEHOQaXVmS TxpZz4rl7uE3Umy5YlTTaI1WhjmLAgihUE9HL3UcyxCnH2VLDHBFDFJzogVDB9A5ieEUGo0s9utoWsuJAjWeqMEs7ZWJC0ivVwPBg5OiUSR8EXlTj7RIwBO1ezsEhvrA8o8CwZwGca+j4JvMRx4SLNrmMWJHART380vXJmDkzngA5vm6GrkOsyRDdgqkHyIkbXfW9pz+5dh8mWwfcLvm/wdsHbBj8s+KHBdwq+Y/Djgh8bfK/gewbvFbxn8N2C7xp8u+DbBu8UvGPwf sH7Bj8o+EHZI41R9scjvCSefqkSJyAuJyWx0qRmrZaStk7a5aSXvRteqBJS3tdzc3FvCM2F3hAvF68skkYqzb4Ei5RkX6HkbXLGQaRJ21nWrWQxLs3o6AfROb0ucXlVEw74yAHO9Yb6mLs6y/DtQdeut+qND82VzXf5ebeAXqBlVEMN9AZtol10hLqIohD9Qr/Rn0qv8q3yvfLjcuqduXzNczQzKj//A1kuGaw=</latexit><latexit sha1_base64="DnuWv3jd0AqHCPn+6ON2RQGRbiY=">AAAF03icddRPb9MwFABwD1YY5d8GRy7WJqROmqo0dLAekCaYtmldt6HRdlJTTY7z2llz/sx2gBJyQVw5coUP wafh2+B02ZRmnqWmT+9nP7+kqd2IM6ks69/cnbvzlXv3Fx5UHz56/OTp4tKzngxjQaFLQx6KE5dI4CyArmKKw0kkgPguh757/j7z/icQkoXBRzWJYOiTccBGjBKlU4NasOavvq01116vni6uWPVWy2o217FVX7ds297QgfXK3mg1cKNuTccKysfR6dL8X8cLaexDoCgnUg4aVqSGCRGKUQ5p1YklRISekzEMdBgQH+Qwmfac4pc64+FRKPQnUHiaLa5IXEHOQaXVmS TxpZz4rl7uE3Umy5YlTTaI1WhjmLAgihUE9HL3UcyxCnH2VLDHBFDFJzogVDB9A5ieEUGo0s9utoWsuJAjWeqMEs7ZWJC0ivVwPBg5OiUSR8EXlTj7RIwBO1ezsEhvrA8o8CwZwGca+j4JvMRx4SLNrmMWJHART380vXJmDkzngA5vm6GrkOsyRDdgqkHyIkbXfW9pz+5dh8mWwfcLvm/wdsHbBj8s+KHBdwq+Y/Djgh8bfK/gewbvFbxn8N2C7xp8u+DbBu8UvGPwf sH7Bj8o+EHZI41R9scjvCSefqkSJyAuJyWx0qRmrZaStk7a5aSXvRteqBJS3tdzc3FvCM2F3hAvF68skkYqzb4Ei5RkX6HkbXLGQaRJ21nWrWQxLs3o6AfROb0ucXlVEw74yAHO9Yb6mLs6y/DtQdeut+qND82VzXf5ebeAXqBlVEMN9AZtol10hLqIohD9Qr/Rn0qv8q3yvfLjcuqduXzNczQzKj//A1kuGaw=</latexit><latexit sha1_base64="DnuWv3jd0AqHCPn+6ON2RQGRbiY=">AAAF03icddRPb9MwFABwD1YY5d8GRy7WJqROmqo0dLAekCaYtmldt6HRdlJTTY7z2llz/sx2gBJyQVw5coUP wafh2+B02ZRmnqWmT+9nP7+kqd2IM6ks69/cnbvzlXv3Fx5UHz56/OTp4tKzngxjQaFLQx6KE5dI4CyArmKKw0kkgPguh757/j7z/icQkoXBRzWJYOiTccBGjBKlU4NasOavvq01116vni6uWPVWy2o217FVX7ds297QgfXK3mg1cKNuTccKysfR6dL8X8cLaexDoCgnUg4aVqSGCRGKUQ5p1YklRISekzEMdBgQH+Qwmfac4pc64+FRKPQnUHiaLa5IXEHOQaXVmS TxpZz4rl7uE3Umy5YlTTaI1WhjmLAgihUE9HL3UcyxCnH2VLDHBFDFJzogVDB9A5ieEUGo0s9utoWsuJAjWeqMEs7ZWJC0ivVwPBg5OiUSR8EXlTj7RIwBO1ezsEhvrA8o8CwZwGca+j4JvMRx4SLNrmMWJHART380vXJmDkzngA5vm6GrkOsyRDdgqkHyIkbXfW9pz+5dh8mWwfcLvm/wdsHbBj8s+KHBdwq+Y/Djgh8bfK/gewbvFbxn8N2C7xp8u+DbBu8UvGPwf sH7Bj8o+EHZI41R9scjvCSefqkSJyAuJyWx0qRmrZaStk7a5aSXvRteqBJS3tdzc3FvCM2F3hAvF68skkYqzb4Ei5RkX6HkbXLGQaRJ21nWrWQxLs3o6AfROb0ucXlVEw74yAHO9Yb6mLs6y/DtQdeut+qND82VzXf5ebeAXqBlVEMN9AZtol10hLqIohD9Qr/Rn0qv8q3yvfLjcuqduXzNczQzKj//A1kuGaw=</latexit><latexit sha1_base64="DnuWv3jd0AqHCPn+6ON2RQGRbiY=">AAAF03icddRPb9MwFABwD1YY5d8GRy7WJqROmqo0dLAekCaYtmldt6HRdlJTTY7z2llz/sx2gBJyQVw5coUP wafh2+B02ZRmnqWmT+9nP7+kqd2IM6ks69/cnbvzlXv3Fx5UHz56/OTp4tKzngxjQaFLQx6KE5dI4CyArmKKw0kkgPguh757/j7z/icQkoXBRzWJYOiTccBGjBKlU4NasOavvq01116vni6uWPVWy2o217FVX7ds297QgfXK3mg1cKNuTccKysfR6dL8X8cLaexDoCgnUg4aVqSGCRGKUQ5p1YklRISekzEMdBgQH+Qwmfac4pc64+FRKPQnUHiaLa5IXEHOQaXVmS TxpZz4rl7uE3Umy5YlTTaI1WhjmLAgihUE9HL3UcyxCnH2VLDHBFDFJzogVDB9A5ieEUGo0s9utoWsuJAjWeqMEs7ZWJC0ivVwPBg5OiUSR8EXlTj7RIwBO1ezsEhvrA8o8CwZwGca+j4JvMRx4SLNrmMWJHART380vXJmDkzngA5vm6GrkOsyRDdgqkHyIkbXfW9pz+5dh8mWwfcLvm/wdsHbBj8s+KHBdwq+Y/Djgh8bfK/gewbvFbxn8N2C7xp8u+DbBu8UvGPwf sH7Bj8o+EHZI41R9scjvCSefqkSJyAuJyWx0qRmrZaStk7a5aSXvRteqBJS3tdzc3FvCM2F3hAvF68skkYqzb4Ei5RkX6HkbXLGQaRJ21nWrWQxLs3o6AfROb0ucXlVEw74yAHO9Yb6mLs6y/DtQdeut+qND82VzXf5ebeAXqBlVEMN9AZtol10hLqIohD9Qr/Rn0qv8q3yvfLjcuqduXzNczQzKj//A1kuGaw=</latexit>
cm > 0
<latexit sha1_base64="M+QUVkyCjUchZ2pYkT2GXW9fXRc=">AAAFzXicddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCbigCaZtWtetaHSdtFTVi/PaWXP+zHYGxYQr R67wOfg0fBucLkxpaiw1fXo/+/klTR2kgivteX8Wbt1ebNy5u3Svef/Bw0ePl1eenKgkkwx7LBGJPA1AoeAx9jTXAk9TiRAFAvvBxfvC+1coFU/ij3qS4iCCccxHnIG2qR4bRm+94fKat+FNB50PWmWwRsrRHa4s/vbDhGURxpoJUOqs5aV6YEBqzgTmTT9TmAK7gDGe2TCGCNXATLvN6XObCekokfYTazrNVleYQMIF6rw5k4RIqUkU2OUR6HN VtyLpsrNMj14PDI/TTGPMrncfZYLqhBbPg4ZcItNiYgNgktsboOwcJDBtn9psC0VxqUaq1hkDIfhYQt6kdvghjnybksbX+Fkb/wDkGKn/bxaV+dz6mKEokjF+YkkUQRwaP8DLvLiOeWzwMpv+XHblzByczkEb/m+GrQI3ZcA24KoBZRGn2763rRf3bkOz7fCDih84vF3xtsOPKn7k8N2K7zr8uOLHDt+v+L7DTyp+4vC9iu85fKfiOw7vVLzj8H 7F+w4/rPhh3VOLafHHA1GT0L5Uxo8hEFATLzfr3otactMmN+vJsHg3wkQbqO8bBqUEc8JKYXMSlhLWRbFU58WX5KlW/AvWvA3nAmVu2v6qbaWIaW1Gxz6IzvCmxPVVTwTSro9C2A3tMdeqH2rzQW9z481G68PLta135Xm3RJ6RVbJOWuQV2SJ7pEt6hBFOfpCf5Fej27hqfG18u556a6Fc85TMjMb3vyHXGEg=</latexit><latexit sha1_base64="M+QUVkyCjUchZ2pYkT2GXW9fXRc=">AAAFzXicddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCbigCaZtWtetaHSdtFTVi/PaWXP+zHYGxYQr R67wOfg0fBucLkxpaiw1fXo/+/klTR2kgivteX8Wbt1ebNy5u3Svef/Bw0ePl1eenKgkkwx7LBGJPA1AoeAx9jTXAk9TiRAFAvvBxfvC+1coFU/ij3qS4iCCccxHnIG2qR4bRm+94fKat+FNB50PWmWwRsrRHa4s/vbDhGURxpoJUOqs5aV6YEBqzgTmTT9TmAK7gDGe2TCGCNXATLvN6XObCekokfYTazrNVleYQMIF6rw5k4RIqUkU2OUR6HN VtyLpsrNMj14PDI/TTGPMrncfZYLqhBbPg4ZcItNiYgNgktsboOwcJDBtn9psC0VxqUaq1hkDIfhYQt6kdvghjnybksbX+Fkb/wDkGKn/bxaV+dz6mKEokjF+YkkUQRwaP8DLvLiOeWzwMpv+XHblzByczkEb/m+GrQI3ZcA24KoBZRGn2763rRf3bkOz7fCDih84vF3xtsOPKn7k8N2K7zr8uOLHDt+v+L7DTyp+4vC9iu85fKfiOw7vVLzj8H 7F+w4/rPhh3VOLafHHA1GT0L5Uxo8hEFATLzfr3otactMmN+vJsHg3wkQbqO8bBqUEc8JKYXMSlhLWRbFU58WX5KlW/AvWvA3nAmVu2v6qbaWIaW1Gxz6IzvCmxPVVTwTSro9C2A3tMdeqH2rzQW9z481G68PLta135Xm3RJ6RVbJOWuQV2SJ7pEt6hBFOfpCf5Fej27hqfG18u556a6Fc85TMjMb3vyHXGEg=</latexit><latexit sha1_base64="M+QUVkyCjUchZ2pYkT2GXW9fXRc=">AAAFzXicddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCbigCaZtWtetaHSdtFTVi/PaWXP+zHYGxYQr R67wOfg0fBucLkxpaiw1fXo/+/klTR2kgivteX8Wbt1ebNy5u3Svef/Bw0ePl1eenKgkkwx7LBGJPA1AoeAx9jTXAk9TiRAFAvvBxfvC+1coFU/ij3qS4iCCccxHnIG2qR4bRm+94fKat+FNB50PWmWwRsrRHa4s/vbDhGURxpoJUOqs5aV6YEBqzgTmTT9TmAK7gDGe2TCGCNXATLvN6XObCekokfYTazrNVleYQMIF6rw5k4RIqUkU2OUR6HN VtyLpsrNMj14PDI/TTGPMrncfZYLqhBbPg4ZcItNiYgNgktsboOwcJDBtn9psC0VxqUaq1hkDIfhYQt6kdvghjnybksbX+Fkb/wDkGKn/bxaV+dz6mKEokjF+YkkUQRwaP8DLvLiOeWzwMpv+XHblzByczkEb/m+GrQI3ZcA24KoBZRGn2763rRf3bkOz7fCDih84vF3xtsOPKn7k8N2K7zr8uOLHDt+v+L7DTyp+4vC9iu85fKfiOw7vVLzj8H 7F+w4/rPhh3VOLafHHA1GT0L5Uxo8hEFATLzfr3otactMmN+vJsHg3wkQbqO8bBqUEc8JKYXMSlhLWRbFU58WX5KlW/AvWvA3nAmVu2v6qbaWIaW1Gxz6IzvCmxPVVTwTSro9C2A3tMdeqH2rzQW9z481G68PLta135Xm3RJ6RVbJOWuQV2SJ7pEt6hBFOfpCf5Fej27hqfG18u556a6Fc85TMjMb3vyHXGEg=</latexit><latexit sha1_base64="M+QUVkyCjUchZ2pYkT2GXW9fXRc=">AAAFzXicddRPb9MwFABwD1YY5d8GRy7WJqRxmdIJCbigCaZtWtetaHSdtFTVi/PaWXP+zHYGxYQr R67wOfg0fBucLkxpaiw1fXo/+/klTR2kgivteX8Wbt1ebNy5u3Svef/Bw0ePl1eenKgkkwx7LBGJPA1AoeAx9jTXAk9TiRAFAvvBxfvC+1coFU/ij3qS4iCCccxHnIG2qR4bRm+94fKat+FNB50PWmWwRsrRHa4s/vbDhGURxpoJUOqs5aV6YEBqzgTmTT9TmAK7gDGe2TCGCNXATLvN6XObCekokfYTazrNVleYQMIF6rw5k4RIqUkU2OUR6HN VtyLpsrNMj14PDI/TTGPMrncfZYLqhBbPg4ZcItNiYgNgktsboOwcJDBtn9psC0VxqUaq1hkDIfhYQt6kdvghjnybksbX+Fkb/wDkGKn/bxaV+dz6mKEokjF+YkkUQRwaP8DLvLiOeWzwMpv+XHblzByczkEb/m+GrQI3ZcA24KoBZRGn2763rRf3bkOz7fCDih84vF3xtsOPKn7k8N2K7zr8uOLHDt+v+L7DTyp+4vC9iu85fKfiOw7vVLzj8H 7F+w4/rPhh3VOLafHHA1GT0L5Uxo8hEFATLzfr3otactMmN+vJsHg3wkQbqO8bBqUEc8JKYXMSlhLWRbFU58WX5KlW/AvWvA3nAmVu2v6qbaWIaW1Gxz6IzvCmxPVVTwTSro9C2A3tMdeqH2rzQW9z481G68PLta135Xm3RJ6RVbJOWuQV2SJ7pEt6hBFOfpCf5Fej27hqfG18u556a6Fc85TMjMb3vyHXGEg=</latexit>
cm < 0
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Figure 13. (Left) The φ− k plot for (n,m) = (4, 6). One can see that for the same k, φ is larger when cm < 0.
(Right) Even though our treatment is perturbative, the case where cnφ
n and cmφ
m are comparable should
continuously connect the two perturbative regions.
spectral index can deviate from -1. The two effects, flatter potential and larger φNe , compete with each
other and the latter wins when n < m. On the other hand, for n > m the effect of flatter potential
dominates and a negative perturbation (cm < 0) leads to spectral index closer to 1. The fact that the
two cases, n > m and n < m, behave oppositely and the region of positive perturbation lies between
two unperturbed curves makes us confident that one can extrapolate our perturbative treatment to
the case where the cn term and cm term comparable – it simply lies between the two perturbative
regions where one dominates the other, as shown in the right in Figure 13.
In Figure 12 we see that sextic dominant models, n = 6, with either quartic perturbation (m = 4)
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n = 6
<latexit sha1_base64="1l3CGd6g++W7mG8rrv0rV8bZ9FQ="></latexit><latexit sha1_base64="1l3CGd6g++W7mG8rrv0rV8bZ9FQ="></latexit><latexit sha1_base64="1l3CGd6g++W7mG8rrv0rV8bZ9FQ="></latexit><latexit sha1_base64="1l3CGd6g++W7mG8rrv0rV8bZ9FQ="></latexit>
Ne = 55<latexit sha1_base64="yOKNasmLvqUwwkMx23Oh6WeFPss="></latexit><latexit sha1_base64="yOKNasmLvqUwwkMx23Oh6WeFPss="></latexit><latexit sha1_base64="yOKNasmLvqUwwkMx23Oh6WeFPss="></latexit><latexit sha1_base64="yOKNasmLvqUwwkMx23Oh6WeFPss="></latexit>
0.02 0.04 0.06 0.08 0.10
10
20
30
40
Figure 14. The normalized probability distribution of k for n = 6. The shaded area corresponds to the interval
of k that yields spectral index ns > 0.96.
or octet perturbation (m = 8), fit the observation quite well when k . 0.018. We discuss the chance
for k to lie in this region. We will focus on the following analysis without perturbation,
V = a− 1
2
b φ2 − cnφn (B.15)
as additional perturbation cmφ
m does not change the end result significantly. We assume the parameter
in the Lagrangian a, b and cn has uniform probability distribution and also take the probabilistic nature
of the initial condition into account. Using the definition b = ak, Eq.(B.6) and Eq.(B.11), one has∫ φant
0
dφi
∫
da db dcn =
∫
da dPζ dk (12pi
2)
n−3
2 a
7−n
2 P
n−5
2
ζ k
n−2fn (1 + n fn)n−3 , (B.16)
where we need to integrate over a to obtain the probability distribution of k for a given Pζ . For n = 6
and 8, the integration over a is divergent with an upper bound amax that is around 10
−17 where only
terms below the octec order require fine-tuning. The exact upper bound amax is correlated with the
upper bound for cn, but most importantly amax is independent on k and hence the integration over a
does not give an additional k-dependence. In sum, for the cases of interest, the probability distribution
of k is
Pk dk = kn−2fn (1 + n fn)n−3 dk, (B.17)
where fn(k) is defined in Eq.(B.7), and the plot for n = 6 is given in Figure 14. The shaded area
corresponds to the interval I of k that yields spectral index ns > 0.96. The probability for k to lie in
this region for n = 6 is
Pns>0.96 =
∫
I Pk dk∫∞
0 Pk dk
' 0.49. (B.18)
and the distribution Pk peaks at k ' 0.016, which yields a spectral index of ns = 0.963. Overall it is
quite remarkable that once one matches the observed perturbation power spectrum Pζ , there is about
a few ten chance to achieve the observed spectral index without much further fine-tuning in general
new inflation with Z2 symmetry. But as we discussed in Sec.A, the observed Pζ can be obtained
without significant fine-tuning only if there is a strong anthropic bound on Pζ right at the observed
value which seems to be unlikely.
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